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Preface 


FCC Compliance 


This equipment generates and uses radio frequency energy and if not installed and used properly, that is, in strict 
accordance with the manufacturer's instructions, may cause interference to radio and television reception. It has been 
type tested and found to comply with the limits for a Class B computing device in accordance with the specifications 
of Subpart J of Part 15 of FCC Rules, which are designed to provide reasonable protection against such interference 
in residential installation. However, there is no guarantee that interference will not occur m a particular installation. 
If this equipment does cause interference to radio or television equipment reception, which can be determined by 
turning the equipment off and on, the user is encouraged to try to correct the interference by one or more of the 
following measures: 

Reorient the receiving antenna 

Relocate the computer with respect to the receiver 

Move the computer away from the receiver 

Plug the computer into a different outlet so that computer and receiver are on different branch circuits 


If necessary, the user should consult the dealer or an experienced radio/television technician for additional 
suggestions. The user may find the following booklet prepared by the Federal Communications Commission 
helpful: 

"How to Identify and Solve Radio-TV Interference Problemsy, 
This booklet is available from the U.S. Government Printing Office, Washington, D.C. 20402, Stock No. 004-000- 
00345-4. 


Warning: This equipment has been certified to comply with the limits for Class B computing device, pursuant to 
Subpart J of Part 15 of FCC Rules. Only peripherals (computer input/output devices, terminals, printers, etc.) 
certified to comply with the Class B limits may be attached to this computer. Operation with non-certified 
peripherals is likely to result in interference to radio and TV Saeco Also this equipment must be used with 
shielded power cables and shielded I/O cables. 


AHA-1540A and AHA-1542A Industry PC/AT-to-SCSI Host Adapter 
User's Manual and Specification 
Copyright 1989 Adaptec, Inc. 
All Rights Reserved 


Reproduction or use, without express written permission from Adaptec, Inc. and/or its licensor, of 
any portion of this manual is prohibited. While reasonable efforts have been taken in the 
preparation of this manual to assure its accuracy, Adaptec, Inc. assumes no liability resulting from 
any errors or omissions in this manual, or from the use of the information contained herein. 


Table of Contents 


SO} SITOGUCTON ie vacecd se sctetearetueneceeasatetes eapcieatet sGaecaisen ease cweteenueeeeweaerss 1-1] 
Lek ADOCUMENE SCOPE wasp ss-ccucaceccn cies dudes tad su esse banat Gucuaretstoidenee seers voi meinen 1-1 
Ve2e PUL DOSE: tient ecceiacntouaateie-taeee nat wanarcee sare cene san measiuneneaes eoeeen oasaeseeals Yedie Sieeti 1-1 
DS SOARES scateesina niente sureamanie.gawe nue ohetaconnedeaaauaseed oedaeneceted ewes state eateries 1-1 
LA PIOGuct: SDCCILICAUIONS <a5..c cea eis ciiteensansadlcedaven Vandeanenmaceneacreadheanceupatiesionanass 1-2 
Ted: -RELETENCEOCUIIEMS ois ccic.c nacarauiinw aise wivnnwiesoiadastwacaluaciuwsavessaeeneaanewmeeeeiays 1-4 

2,0 Ost Adapler AIcChitecnire csc onsen stan ian ceannpneusemnnsetennl saeacde ue eacimandeas aut ueeraces 2-1 
DiW EAGT Wy Ale sea actitiers wee etn dee ae away ate See eeen eo tnt eo ese emen les unis a one taeene 2-1 

Zeke k BUS MaStEr DM Ae isancie cate nee raven ecco t genie osantani sian Maan eewseeeaeeotees 2-1 
21.2 SCSI PIGtocol CHid ese s cas cored incest dar ewek ae wct aces neenua tiene ss aeaee ans: 2-1 
2.1.3 8-Bit Memory........ .............. Wonca buted dshtaptiaabranestaeees pediaesyaacstua said 2-1 
2 TBIOCK DIA Sra etovicns dacs. conor cawaie'atenncaicn dating oe sonacek na sueaseaceanta moan eeaewae 2-2 
De EL WAN caine Sey. tuaeeceiccndinda ts osne cece rea ieaeoieae dence tcars ibs menos abanieato sh omeeasees 2-4 
2.2.1 Miulathreadea © neranOn s45.205's3 2nd torres oncn estore nian ten ubabe tag eisecwacedaanendes 2-4 
22 lel, AVIAN DOK CS oct Sasa sdniche mae ated estat dalewnd fe bdae tee seta canvas eeneeavecueaedanaus 2-4 
224.2 Command Control BlOCK savsayens a siiniessenes vec counsteiasnsinnderasavesaaceeies gaeesa 2-5 
2.2.1.3 Command Descriptor Block ................ cesses eee seins reaeaiet ecasaucad ahs 2-6 
22 lee IPRINCIDICS OF QperatOn ices es stSrians wate notes newer owas tere eaeetcodetiwan 2-6 
Z21.>° Task Queue ine a2) ie ctchs sae dade viseu is Veaahiew Sovaweive lv cond endeaeaeetawesksentene 2-7 
22.2 -oimele: [hreaded: OperaniOn:: a22,-25ce0g dicicwadons vvetectteatessetnatesdagiaaeuhamtensiee 2-7 
S10: TNStal ANON secs sccdes cece sas tnc cine tieas ve cemnetencin ese tahun eae tena Namba yacetat sae te aeeean aay 3-1 
3.1 Unpacking and. Inspecune .4ccica- resin ckesevelakewes wadnene ben egaeseuaweeneuusendeee: 3-1 
3.2 ANS tal ANON gaxt orascectsieaaaaicne ve mi wd tant loveand qomuaentien ta cehade tad nubet maak aceae sees 3-1 
S221 OYStEM CONMPULANON 6 viesiins o vivenooadsbaauieatespoovasueyecaneiee stamens ee earsnerem 3-1 
S.22. Hard Ware: Setup secon eae chne bas Head pans ec abageadiaenaas erase enideaeseasnest 3-2 
52:0 SOMECKUS!. ssp dcesn cain daw eneeatinavi wie ee eoenadneseuuedumetenteent edatedeescetdeenes 3-4 
3.2.4 Operation Using the BIOS under DOS........ 0.2... cece cece eee cece ee eceeeeees 3-4 
3,3 Jumper CONNPUTAUON 5 11d..8o0 e2hee hee. ws Seaweneee Gacioabevueckonen doemeneWeceiuaeetes 3-5 
B31. AUMper BIGCK I Vortec sa Sue ra usncottion secacasnshntam deed adiceteciateacests danse 3-6 
3.3.1.1 SCSI Synchronous Negotiation ............. ....cceeseccecssccessctcoeccceesees 3-6 
S312. “DIASNOSUC JUMPEL a6 ho steces oe Sees boi ennnecdak Oh oe aaieeenareaa ees Seon ..3-6 
Boiled DOL PALIEY cap54s cscs aasemetast dcacee cuces tdaneisasaten ees mmaceatoousieouanueaed yeeatuede 3-6 
B92 SCS) ACGLCSS sts iauinicns cosnnussacineceiaesere enn aac eauseeauecenesadeieetsctware 3-7 
323,35 WMA Chane) af2easdiccctsesaceaeamaeeraacaeaucan anus ieaanacenbosessbes enwctnaaea: 3-7 
3.3.4. AT Interrupt Channel): :2 cscs oecdesvencshuwesseiterdtowsccoutwadaaiatwonsaueenedesics 3-9 
925 9) JO MA. Transter 5S DCC OS vesscocsccscceacacomncsnadsan wn san ova wemusuainennkatsonsesenss 3-10 
330A) BIOS Wail Slates cise 05. tecawotseetanec enctadeetntacenehsemamededaidaseacawesenine 3-10 
9.3.7 SALT POM AGGIESS .s0viwcsietaienins tineucevarnotar tanh suey eecacesseracenicmectoanes: 3-11 
33:8. Ad. BIOS AdGress 4620 sé uc aswarrneyostdecirn wins sewed essmdoshecticesetanceesiatases 3-11 
3.5.9 Front Pane) VED sci sctincdetcccysieackaeeaga web ioaciiaetacesaaheh Gersmie eee ameses ot 
3:-3:10 LA: Biavie JUMPper. <ccs6205 cso sote cer eree eccacade Soree i staeenuas Sue auneeiens 3-12 
3.3: 1) AUX ary JUMPETS ise oes cdccccssasecaibenteetieead easetabess onmanabeabiwaree onesies 3-12 
3.3.12 BIOS Enable/Disable.................... i cobuimaine sentnchatexae aba aun acc eee ed 3-12 
3.3.13 SCSI Terminators ssicnsatectesasces ie vs cde ean Sancdceceeareta ena aevesteaeiees 3-13 
3.3.14: SCSI Térnmindtor POW e8 isicu dni activasietaradwcscenawasedae inns uecevate sexed ated 3-13 


AHA-1540A/1542A adaptec 


Table of Contents 


3.4 Flexible Diskette Controller Jumpers (AHA-1542A Only) ...................c ccc eee 3-13 
3.4.1 Flexible Diskette Controller Secondary Address..................cccccceeececees 3-13 
3.4.2 Flexible Diskette Controller Enable........ 2.0.0.0... 0.0 .ccccccecececccccccececcceees 3-13 
3.4.3 Flexible Diskette Controller Interrupt Channel ..................ccccccesceseccees 3-13 
3.4.4 Flexible Diskette Controller DMA Request Channel.....................cceeeee 3-14 
3.4.5 Flexible Diskette Controller DMA Acknowledge Channel...................... 3-14 
4.0 Hardware Functional DeSCTIPtion............. ..ccecssccccececsnncccccesccsssceccseeescccesascenes 4-] 
Ail HOVERVICW sisi w teiaieaw scutes edu ees nae iasbensiumee es Siicesanesiee mec asains 4-] 
AZ AO “POL IMterlace exccsiierss-o5 25new bind onto onesradsondsidewaseentaestcusvineiebekeraaiienes 4-1 
4.2.1. -Control. and: Status Port::ccc.5-2cteicaneetaossasnsve tou hinnackassadenansRem saves 4-2 
4.2.2 Command and Data Por. seesdecacadiucevatiaenexawatitewse vs Sestaevacensnstessewsss 4-4 
4.2.3 Interrupt Flag Port............: Ws dseasdet ne ecesecis cas dines anaaun aa lsee cet 4-5 
AO: IRESEL OVETVIEW irate ce tncnis ncuanaene esa aa dart cuses bern son asd taamnsasebadineceaedaccnes 4-7 
4.5.1" Hard RSet Operations o..s.ccc.sacietecanavtn tee hatexedasaGesdensa ea eesdhoetanetes 4-7 
43.2: SCO RESEE ODGratiOns yeiecwss oasis saanwededcucidaten una sereaiasessumeesaien 4-7 
4.3.2.1 SCSI"Soft” Reset Option o.c35205 52 wiawrieerediesdasncns tedtadineusncs drausecons 4-8 
432.2.SCS! Hard Reset Opunsaceicctsay-caascsaiichuscas at busadencdamdactiausteed’: 4-9 
5.0 Firmware Functional Description .......... scsi peesbractianac oe dave tee ae denio le oetae eee temesa caste anaes 5-1 
5.1 Host Adapter Command OVverview........ oc... cc cece cece cece ceceeceeeecucceseececucceececes 5-1 
5.1.1 Host Adapter Operation Codes .354.01c560 wey oles owptuaanepiwaheseicdasaienreoutanaeonces 5-1 
Sabclul INO Oper atts: te censctass: tote crunsensaghaneteabenpaataaeusugneeaatensager ase abso 5-2 
5.1.1.2 Mail Box Initialization ............. Piece ot cu denna en ee OM am hai twtulanentexeueas 5-2 
5.1.1.5: Start SCSI Command 1a. scaundatcucddieiventotiwsatvashesusier eidesseiewesetea san 5-3 
3.4214 Start PC/AT BIOS -Commian vtecccdccsig tive cs va cwee sane vn bnadideewiertands 5-3 
Sled SD TAOSt AGapter INQUITy s vesinctdeaiss wowuivamiacueeadavactweanvometenienstecetereal’ 5-3 
5.1.1.6 Enable Mailbox Out Available Interrupt ............ ...c cc cece ce cee cceceeeeesees 5-4 
D1 Set SEIECHON TAME OUt ict. i nice. is oe cacoe cose re een ceteweaewualannioaeediseas 5-4 
Dele: SEUBUS-ONns TIM waives ca 'scaes wrahdentaenSiuwsncadiawresasenees orca tntedededoreees 5-5 
Slie9. Set Bus-Olt Time cto reece etic cnadaaaulaweadecandeseece eave soewinunes 5-5 
Dsl tO" Sets Pransler Speed cbc s Becsswht ld dcd nde nceewdeesstasdueeeaadsaccdores 5-6 
Selle - Return. Instahed Device ec sections iavscdastetgasteaneeieeedcrneeossaseatales 5-7 
5.1.1.12 Return Configuration Data............. ccc cccce cece ccc eeeeeeeeneceeeceeeenaaes 5-8 
5.1.1.13 Enable Target Mode Command ............ .....cccecenecccceceesscceceeeeeeees 5-8 
Dokl: REMI SEO Date siesta os eatine acdene neuer paeatieassdewseaseruetanioreundeats 5-9 
5.1.1.15 Write Adapter Channel 2 Buffer ................... iia indecsemeeteatiaeneets 5-11 
3.1-1:)6: Réad:Adapter Channel 2 Butter sc coonccsscs canesssaaccsdauabeedigatensesaeess 5-12 
S.1.1.17.. Write Adapter FIFO: Butters :3.0sicus ccccucsetacsuscunsiaceeeccdeeh scsccntetewes 5-12 
5.1. 1,18: Read AGapter FIFO Butter 1ic.5:4d:dunaten cece iatseweseciaciacesawetesiiant,s 5-12 
5.1119 Eeno Command Data sveiccik sora psernendeassenwissed twaviaducrcadeneeitanedonae’ 5-13 
5.2. Mailbox Command OVvervie Wo ocssiee cnis20icd cacscaeanaee see cacdeesanisaeeiweeGodenddacdawtens 5-13 
5.2.1. Mailbox-Out DefNitiON occ 2 escd ese ceies sadseSecteebscatsdsmeeweneddcsalewsedensncesess 5-14 
5:2.2. Mailbox-Ih- Denn ON ics essen sicie oauivencetebanvcsa ceded iadwaxdishyuagtedueviei eines 5-15 
5.3 Command Block Definition ......................ceeeeeees Sek wrabal aot sia a nettle Rint oreaansion 5-19 
5.3: 1). Qcatter Gather DEMNINONiwian,  -cicaueivet dia sateduatedyacnetiieikec deans teenseseedaneee: 5-25 
5.4: -Descripnonm Of OperaiOMm siisci soc bocca ye eecasesenee cant Guasieaneinad sod aBigetwe senses ianee: 5-26 
5.4.1 Execution of Initiator Mode Operations..................cccccescccecsecssccecceesseses 5-27 
5.4.2 Execution of Target Mode Operations ............. 00... cece ces cnccnccceceeceeeeeeees 5-28 
5.4.2.1 Target Mode With a Prepared CCB ............ ccc ccc cece eeec eee eceeeeeeeeees 5-28 
5.4.2.2 Target Mode Without a Prepared CCB ....... 0... cece ccc cece ee eee eneeeeeees 5-28 
5.5 DMA Channel Initialization With the Host Adapter BIOS Disabled................0......5-29 
5.6" Intermpr: Inf ali Za ON enihecndicer ee ttvetaasicnbied need Cesuraclace ates sdedeuawsenees esdeaeeees 5-29 


AHA-1540A/1542A i adaptec 


Table of Contents 


6.0 Single-Threaded Software Interface ........ 0... c cece cece cece cece ce ceeecaeceeeeecceseeeececuacs 6-1 
6.1 Single Threaded BIOS Command Interface............ 0... ccc ccc c eee cence ceeneceeeeseeeees 6-1 
6.2 BIOS Command Execution Using Interrupt 13 .......00.. occ cece ec ce eee ee eesceeees 6-2 

6.2.1 Physical to Logical Translation .............. ccc cece cece cnc ceenecceeessccceeeseees 6-2 
6.22. BIOS Command Retum: Codes cis iscicccie dass scarecaudsiteesebekccdisereess aeacenwes 6-3 
6:3: BIOS. Disk COmmManGs wsccceccanes scaewencesiexeansaeddvasep ura phiswesabesentiaceexsessesameas 6-4 
6:3.) JRESEC DISK SUDSY SIEM) sigs tecasans eanscnsedausennnseretsedcaweideuareumaensataneiesaseen 6-5 
6.3.2. ‘Read Status of least OperanOn acca cine ave sictes do cawitvewusshowassvecmavewnaataaeas 6-5 
6.3.3 Read Desired Sectors Into MemoTy ............. .ccceceeccecencecccccceeccceesccencuces 6-6 
6.3.4 Write Desired Sectors From Memory............ ....cccecceccccececcccecececcscceseecs 6-6 
6:35:59" Verily DESITER SOCIONS ati cciiee signin hes saec snaked ouedmiacseyieuntenrileeemnetiaeets 6-6 
6.3.6 Identify SCST DeVICES.. xis :c stances tednieutaninncieviedeoralcuaweaeed odesdatetariededens’ 6-7 
6:5.) Redd Drive: Parameters. gcse) hse: ces teeod sted ee cccaniwadeas soveusnowsesauceciee eas 6-7 
6.3.8 Initialize Drive Pair Characteristics............ .ccccceecccececesceeeeeeceeceessuseeeues 6-8 
O57 SCOR wii viecnec te wrath a caer awit uae a nerpehateaedladdi tense seaceetee 6-8 
6.3.10 Alternate Disk Reset......... ee ee 6-8 
Orscld. “TESt DAVE RE AGY ccyineccare igiestcoraot ae sedan Gibneue aces tanec bae fetioteakecseee 6-9 
Gio RECA OAS 35 oe satiadh ince mhisena Cu teeasd aut Mout untenes adansasd scawhet eames asttee: 6-9 
6:35:13 Read: DASD J ype oischw cist, adstsdenrutecantnttaduenersiasaanedacamnawieseewmenonetean 6-9 

TOs DCVICE DAV CLS esctenenasniaas age ncecnnunanda rag eu ecu inene aa umeue ob Naeks aaleund idawee dan eiaeaseanee 7-1 

el EC] AN HNO Ssantoc tnt oncrns inte aas a tcertnacceesuamadead dearest vaatw eat oelaut ot aieut at couauuee 7-1 
leh SINAN ZAM sonia cae eaisa aaer ace anes seenenacedecinn cliend eeaweasasenesan coseeanoauaeaieeads 7-1 
Taled,  SYStEM BOO wr tang vsices ci Phdadaecias Meanie saaduesnes duds ta ce aramedunnnuseeatemiwamaaiee 7-2 
eS SEARO ISO) eadeian cataract anced (aseunans suuksontaedies avatar peavneacenanese 7-2 

Tide IEE NUNN DX esi cecentica a oenenccawee tire aaamondoueG ava tx ddan wise oe ueadenseneaauels 7-2 

MS OSI Ola cSi cs exh eens ie hails Sad case Naa cataaaie nu anon iueue tauncodesacte aay nantes 7-2 
7.3.1 DOS Driver Support of Virtual Mode............... ccc ccccccceeceeeeeceeceeeeecesenees 7-3 

14 AHA- 1540 On-board UGS cscs ssideiadumne ui danaxeowbeadeb Sex ates deesastecetoacewnves 7-4 

8.0: SCS) Feanires s.c42cseisss ad wses cesccsouiaseadanesdeatacomiav sein atate ie yacundionelsceatae ce cnaedareds 8-1 

Sol SCSI Desenpuon: Initiator MOd6 sis ses. siecasasmasdeatictes dorian cs vatueredcadorioaciusctsaenas 8-1 
S11 Linked SCSI Commands cosc52.sn44 scgent eosenianedvbdwwsccnetasadiscnsonwebonwaceedos 8-2 
%:1,2 Zero Latency Read Operauon .:2 sc.sse2 cic dciciendesencies nanuacicasdaesacaneoncnaiees 8-2 
B.13 SCS MESSases as sers nse a cae Sonatamieeauaeredwecvensustetabeede sd Saieunmireeecebess 8-3 

$.2 SCSI Description,. Farget MOd6 s2ssccac tices conden cet cdansneeesecaticnsasdasianeoxdaseeothens 8-3 
8.2.1 Initiator Conformance Level Requirements ........... .....cccccc cece esecceeneseeeeees 8-3 
8.2.2 Support of Synchronous Transfev............ 2. seceeeceeeceee eee ences eeneeeeeeneeenes 8-3 
8.2.3 SCSI Target Operation in Processor Target Mode ........... .cccecececscececeseeeces 8-4 

a ine ead WAY oe 9) | 0d <1: (foo er eee ae 8-5 

B.2. 3-2 IREQUEST SENSE sa sctmreanaadese eeeu ues aisosadeeustabied ese tussaainess eloasdemseneeias 8-5 

B28. QUAY apices gic bases ate twas be nae oaaeee canon th aoa ea ena: 8-7 

BZ, SOONG osetstetertn alae canons ake naosubsseceicuatces saadeenuiou ais saasedemenauesneniees 8-8 

2.925 A CCOIVE wea snus aag-ccca'notammwatee besa eeennaiavebeage nad othiehcanataosesameaaanes 8-9 

S.2.4 Incomect. Length: Manacemien’ tic ove s cat etieneelaccee tid dedage ee iiaweieenenserneeeans 8-9 

9: TIODDW DISK IN(EM ACE seca. Coa otewae dani wet ete! bane aiiwncs am emuxe ans aeereeatuaeucoedigeaens 9-1 


AHA-1540A/1542A 


adaptec 


Table of Contents 


10.0 Problem Determination .............. cc cece cece cece nescence eccceccuccccccecceccevececcsccceccevccs 


10-1 

10.1 Self Didenosnc: Capability science ss tase conseetdewcas au aidiue sea tatedweeleiceasseetedeadaes 10-1 
LOZ. INGICALOTS « cacicssies <osecistavatneahveraewddcencouieuae ever sluts mwesaaedoresaeedtyeadaaeseel =e 
10.3 Problems Detected During Operation. ................ccccccceecccceesccceececesseceeesseees 10-2 
10.3.1 HA Status Error Indications and Corrective ACtions ...........cccccesesccceescees 10-3 

10.3.2 SCSI Error Indications and Corrective Actions ..............cceccsesessccccccceees 10-5 

10.4 Problems Detected During Installation ..................cecceeececeeessecceeeeeees ere 10-7 
BOs GIOSSAPY wakiar ck, tse nhaieeaaes codauee ta hea nea cataaou vee wepean era eohetaatesauanetes 11-1 
Appendix A AHA-1540 System Timing Diagram ........... 2... ccc cece eee cece ce ceeeseeereees A-1 
Appendix: B> Connector Pin Out dss sxcccancten dt ecatatsoutuaescicegwassamtnes i tohe ve edaceneemdtiebesecs B-1 
Appendix C Product Comparison and Compatibility... ccc cece nce ceeenceeeeseeeeeeees C-1 


AHA-1540A/1542A iv adaptec 


Section One Introduction 


1.1 DOCUMENT SCOPE 


This manual provides the information required to install and program the AHA-1540A and the 
AHA-1542A Intelligent Host Adapters in AT bus-based systems. 


1.22 PURPOSE 

The Adaptec AHA-1540A and AHA-1542A provide a powerful multitasking interface between the 
Industry Standard Architecture (PC/AT compatible) bus and the Small Computer System Interface 
(SCSI) bus. The AHA-1540A/1542A are high performance intelligent host adapters supporting a 
maximum asynchronous SCSI rate of 2.0 MBytes/second and a synchronous transfer rate of 5 
MBytes/second. The AHA-1540A/1542A support multithreaded I/O operations, allowing 
simultaneous operations on multiple targets/LUNs. Disconnect/Reconnect support maximizes bus 
utilization for multiple target systems. Target mode operation allow the AHA-1540A and AHA- 
1542A to receive information from other host adapters. Scatter-gather allows high-performance 
even in systems with fragmented memory buffers. 


The Adaptec AHA-1540A/1542A provides a solution for system applications requiring very high 
performance, configuration flexibility and multithreaded I/O capability, and system redundancy. 
The Adaptec BIOS also allows the AHA-1540A/1542A to be used in place of a standard hard disk 
controller. The AHA-1540A host adapter provides only the high performance host adapter 
circuitry. The AHA-1542A host adapter provides identical host adapter circuitry, but adds an IBM 
compatible flexible diskette controller to the circuit board. 


1.3 AHA-1540A/1542A PRODUCT FEATURES 


¢ High performance Bus Master DMA with selectable or programmable data rates of up to 10 
MBytes/second. 

16- and 8-bit transfers 

Odd and Even starting address transfers and odd or even data lengths 
Maximum synchronous SCSI transfer rate of up to 5.0 MBytes/second 
Asynchronous and synchronous peripherals supported simultaneously 
Programmable AT bus burst transfer on and off time 

Jumper selectable DMA channel for bus arbitration (channels 0,5,6,7) 
Jumper selectable interrupt channels (IRQ 9, 10, 11, 12, 14, 15) 

True multithreaded operation supporting up to 255 tasks simultaneously 
Programmable mailbox architecture 

Adaptec BIOS for standard hard disk emulation 

Jumper selectable I/O port address 

Internal and external SCSI connectors 

Initiator and Target modes of operation fully supported 

On-board flexible diskette controller (AHA-1542A only) 

Scatter-gather 


ee e® ® oeeoeee3oe¢¢e¢ ® e@® @® e © 
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Section One 


1.4 PRODUCT SPECIFICATIONS 
¢ Physical Dimensions: 
Length : 13.25" Width : 4.125" Height : 0.5" 
Standard PC/AT™ compatible form factor 
¢ Power Requirements: 
+5.0 +/- 0.25 Volts at 2.1 Amps maximum. 
° idence Requirements: 
Temperature 0-60 degrees C (operating or storage) 


¢ Reliability Information 


Mean Time Between Failures: 15000 hours 
(calculated per Mil Handbook 217E, ground benign, 40 °C) 


Mean Time Between Failures: TBD hours 
(experimental) 
Mean Time to Repair: 30 minutes 


¢ Industry Standard Architecture Interface 


Standard PC/AT bus electronic and physical interface. 


Driver output: 

VoL: min: Ovolts max. 0.4 volts IoL: 
Vou: min: 2.4volts max. 5.25 volts IOH: 
Receiver Input 

Vir: 0.8 volts 

Vi: 2.0 volts 


Introduction 


24 ma. 
8 ma. 


Connector configuration as specified by IBM PC/AT Technical Reference Manual or 


manual of Industry Standard Architecture host computer. 
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¢ SCSI Interface: 
Electrical Interface: 
As specified by ANSI X3.131-1986 for single-ended operation. 


Minimum driver output: 48 milliamps, sinking @ 0.5 volts 
Signal true: min: 0 volts max: 0.8 volts 
Signal false: min: 2.0 volts max: 5.25 volts 
Input hysteresis: min: 0.2 volts 

®@ 
Terminator Power voltage: min: 4.25 volts max: 5.25 volts 
Terminator Power current: min: 800 ma. max: 1.5 amp (fused) 


Internal connector: 


Unshrouded 50-pin header, compatible with unshielded alternative 1 connector as 
specified in ANSI X3.131-1986 Figure 4-1 


For connector pin out, see Appendix B. 


Parnal list of compatible connector plugs (for reference only): 


Manufacturer Model | Part Number 
3-M N.A. 3425-6000 
T&B Ansley N.A. 609-5000M 
Molex N.A. 15-29-8505 


Cable for internal SCSI connector should be good quality 50 conductor flat 
cable with 26 or 28 gauge conductors and a characteristic impedance (ZQ) of 
100 + 10 92. Cable shielding is necessary if extremely noisy circuitry or 
extremely noise sensitive circuitry is present inside the host computer frame. 


External connector: 
Shielded 50-pin connector as specified in ANSI X3.131-1986, Figure D-4. 
For connector pin out, see Appendix B. 
Partial list of compatible connector plugs or cable assemblies (for reference only): 
r 


Manufacturer Model Part Number 
Amphenol N.A. 200-1M115-02003 
(Mates with 57-BC50B-AM200) 


AMP Champ 
Plug 554953-1 
Cover 554946 - x(1-2) 
Ferrule 554725 - x(1-6) 
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Cable for external SCSI connector should be good quality 100% shielded round 
cable with 25 twisted pairs. Each pair should have a characteristic impedance 
(Zo) between 90 and 135 92. Wire gauge may be 26 or 28 AWG. All pairs 
should have the same impedance and should have the same delay per length of 
cable. Cables meeting these requirements will normally operate correctly in any 
SCSI configuration and should normally meet all FCC requirements. 


¢ Floppy Disk Interface 


Standard Floppy Disk electronic and physical interface: 


@ Driver output: 
VoL: min: 0 volts max. 0.5 volts IoL: 60 ma. 
Vou: open collector max. 5.25 volts Ion: .1 ma. 
Receiver Input 
Tied to +5 volt supply through 150 Q resistors. 
Schmidt Trigger with 0.8 volts hysteresis 
Vr: max 1.0 volts 
VT+: min 1.4 volts 

Connector: 


Unshrouded 34-pin header. 
For connector pin out, see Section 9.1 


Parnial list of compatible connector plugs (for reference only): 


Manufacturer Model Part Number 
3-M N.A. 3414-6000 
T&B Ansley N.A. 609-3400M 


Cable for floppy connector should be good quality 34 conductor flat cable with 28 gauge 
conductors. Addressing of the second drive may be generated by twisting connector signals 
10 through 16 or by changing jumpers in the floppy disk drives. 


¢ Meets radiation limits specified for a Class B computing device in accordance with the 
specifications in Subpart J of Part 15 of FCC Rules. See FCC Compliance notes and 
recommendations in preface of this document. 


1.5 REFERENCE DOCUMENTS 


¢ IBM PC/AT Technical Reference Manual 
¢ Small Computer System Interface, ANSI X3.131-1986, American National Standards Institute 
¢ Adaptec AHA-1540A/AHA-1542A Hast Adanter Installation Guide 
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2.1 HARDWARE 


2.1.1 Bus Master DMA 


The AHA-1540A/1542A controls the host AT bus as a master and transfers data directly to and 
from main system memory. This implementation is known as Bus Master DMA. Bus Master DMA 
greatly reduces the host software overhead because the host CPU is no longer required to maintain 
the DMA channel's address pointers and word counts. Bus Master DMA also reduces the number 
of interrupts generated per I/O command. The Adaptec AIC-560L is the DMA controller. 


Adaptec's implementation of Bus Master DMA can achieve a 10 MB/second burst data rate. This 
speed is especially valuable in multitasking systems where the tasks execute on a time shared basis. 
Appendix A shows a diagram of the timing required to achieve the DMA rates that are supported by 
the AHA-1540A/1542A. 


The AHA-1540A/1542A DMA hardware will handle both odd-byte and odd-memory address data 
transfers with no performance degradation. 


2.1.2 SCSI Protocol Chip (AIC-6250) 


The AHA-1540A/1542A utilizes the AIC-6250 SCSI protocol chip to maximize the SCSI bus 
utilization. The AIC-6250 is an Adaptec VLSI device which allows the AHA-1540A/1542A to 
achieve greater than 2.0 MBytes/Sec asynchronous SCSI data transfer rates, and up to 5.0 
MBytes/second synchronous transfer rates. The AIC-6250 will also enable the AHA- 
1540A/1542A to operate as both an initiator and as a target device. 


Through a 16-bit host interface, the AIC-6250 reduces bus busy time during data transfer by 
bursting data across the AT bus at up to 10 MBytes/second. The AIC-6250 has separate data 
busses for the local microprocessor and for the system data bus. This further increases the 
performance of the AHA-1540A/1542A by reducing the overhead associated with SCSI 
commands. 


2.1.3 8 Bit Memory 


During normal DMA operations, nearly all transfers to and from memory are 16 bit transfers. At 
the very end, or the very beginning of an odd address boundary, an 8 bit transfer on the upper data 
bits (D8-D15) will occur according to the AT bus architecture. Some memory in the I/O space, 
such as video RAM, is 8 bits only and always transfers data only on the lower data bits (D0-D7). 
The AHA-1540A/1542A will transfer 16 bit or 8 bit memory in the address space between OA0000 
hex and OBFFFF hex depending on the signal line MEM16 on the AT bus. If this signal is active, 
16 bit memory is assumed, and if inactive 8 bit memory is assumed. Outside of this address space 
16 bit memory is always assumed. 
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2.1.4 Hardware Block Diagram 
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2.2 FIRMWARE 


The AHA-1540A/1542A supports multithreaded SCSI initiator operation through a simple mailbox 
protocol. The firmware accepts as many Command Control Blocks (CCB's) as required and 
executes them from its local RAM. The firmware controls all of the SCSI activity that a task may 
require. This includes: Arbitration, Selection, Disconnection, Reconnection, and Command 
completion. 


Using the same mailbox protocol, the AHA-1540A/1542A can operate as a Processor type device 
serving as a multitasking target to other initiators. This feature allows high bandwidth 
communication between multiple hosts. 


In addition, the AHA-1540A/1542A firmware cooperates with the BIOS installed on the host 
adapter to emulate the standard DOS BIOS calls. This allows booting operations and the execution 
of standard DOS operations from attached SCSI disks, allowing the SCSI subsystem to completely 
replace the usual internal disk functions. 


2.2.1 Multithreaded Operation 


A multiuser, multitasking operating system issues a large number of I/O tasks in a rapid sequence. 
The architecture of the AHA-1540A/1542A makes management of this activity very easy and 
straightforward for the operating system and its associated I/O drivers. This section briefly 
explains the interaction between the system and the AHA-1540A/1542A required to accomplish an 
V/O task. 


2.2.1.1 Mailboxes 


The AHA-1540A/1542A uses a mailbox architecture for task communication between the host and 
host adapter. This allows the host adapter to perform multithreaded operations with a minimum of 
host intervention. The mailboxes are located in main system memory . Each mailbox entry 1s four 
bytes long. After power up sequencing, host initialization procedures, and the boot procedure are 
completed, the host issues an initialization command to inform the host adapter of the mailbox 
location. There are always an equal number of Outgoing Mailboxes (MBO) and Incoming 
‘Mailboxes (MBI). MBIs are located immediately after the MBOs. A typical mailbox structure is 
shown below: 










Base Adr 
+0 MBO 0 
+4 MBO 1 
+s[ 00 | Free Entry ——*«| ‘MBO 2 
+12[cmp [CCB 3 Pointer |.MB0 3 
+20[ Status] COB 1 Pointer (| MBI 1 
+2a[ 00 | Free Entry —_—*«|-‘MBI 2 
-2e[ 00 | Free Entry ———~«d; MBI: 3 
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In this example there are four MBOs and four MBIs. The first byte of each MBO contains the 
MBO Command byte. The remaining three bytes point to a Command Control Block (CCB). The 
CCB provides all the rest of the information needed to complete a task. A MBO is available to 
accept a new entry if the first byte is zero. 


The first byte of each MBI contains the status of a completed task. The remaining three bytes point 
to the CCB of the completed task. An MBI is free if the Status byte is zero. Mailboxes may point to 
CCB's controlling initiator tasks, controlling target tasks, or controlling error recovery tasks. 


2.2.1.2 Command Control Block 


A Command Control Block provides the information required to control a SCSI command 
sequence. The block contains pointers to the data area to be used by the command. It contains areas 
for presenting status of both the host adapter and the addressed SCSI device. In addition, it 
contains the SCSI Command Descriptor Block defining the action to be taken by the addressed 
SCSI device. An error information buffer area is also provided. 


A Command Control Block is also used to service an operation requested by another initiator when 
the AHA-1540A/1542A is being addressed as a SCSI Processor device. 


The CCB is defined completely in Section 5. 
A typical CCB is shown below: 













Bye 0 
+2 
+3 
+ 
+7 
“0 
a 
se 

1am 
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2.2.1.3 Command Descriptor Block 


The Command Descriptor Block (CDB), a part of the Command Control Block, is a standard 
format command packet that is transmitted to the addressed SCSI device. It contains all the 
command information required by the SCSI device to perform the desired operation. The 
Command Descriptor Block contains the command Operation Code followed by a Logical Unit 
Number (LUN), command parameters if required, and a control byte. A typical Group 0 six byte 
CDB is shown below: 


Operation Code 


ae eT a 
Logical Block Address 










Please refer to the SCSI specification ANSI X3.131, the Common Command Set (CCS) revision 
4B, and the SCSI 2 draft for additional information on Command Descriptor Blocks. 


2.2.1.4 Principles of Operation 


At power-up, the host must inform the host adapter of the location and number of mailboxes. To 
start a task, the host builds a CCB and stores its memory address into a free mailbox. A non-zero 
Mailbox Out command byte is then written to indicate that the mailbox entry is full and valid. The 
host then writes to an I/O port (defined in section 4) to indicate that the host adapter should scan the 
MBO area. When a full MBO is found, the host adapter copies the mailbox's CCB pointer into its 
internal RAM and clears the Mailbox entry by writing a zero to the MBO command byte. This frees 
the MBO so that it can be used to start another task. 


After completing a task, the host adapter scans the MBI area for a free mailbox. When one is 
found, it is updated with the task's completion status and CCB pointer. The CCB pointer identifies 
the completed task. A MBI Stored interrupt is generated to notify the host that a task has been 
completed. The host scans the MBI area searching for a non-zero Status byte. When one is located, 
the host obtains the CCB pointer and frees the MBI by writing a zero into the Status byte. The host 
then examines the contents of the CCB to determine that the command was successfully completed. 
The freed MBI can now be used to indicate the completion of another task. The host adapter fills 
the MBI area and scans the MBO area in a round robin fashion. If the host saves the position of the 
last active MBI entry, it can determine the MBI of a new entry immediately without searching, 
since a new entry will be in the next MBI location. 


The host adapter transmits a new MBO Available or MBI Full interrupt to the host whenever all 
non-Mailbox interrupts have been cleared and serviced by the host. The host should analyze the 
interrupts and clear them as soon as possible so that the host adapter can post any new interrupts 
quickly. The host adapter will not wait until an interrupt can be transmitted to the host before 
processing an MBO entry or creating a new MBI entry. Thus, in processing a single MBI 
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interrupt, the host may find several MBI entries waiting by the time the interrupt processing 1s 
finished. Similarly, a later MBI interrupt for the last of the later MBI entries may find nothing to 
service because the MBI entry was examined and processed as a result of the first MBI Full 
interrupt. If the interrupts are reset quickly by the host, the probability of an interrupt occurring 
when no MBI entry is available is much lower, providing an important performance improvement. 
If the MBI entries are emptied by the host in a round-robin order, the scan for the next full entry is 
very simple, since it is always the next MBI entry in the Mailbox area. 


2.2.1.5 Task Queueing 


Multiple tasks may be started against a target/LUN or against multiple targets/Logical Units. Since 
only one task can be active against any one given LUN at a time, all other tasks for the same LUN 
are queued. Other LUN's may have active tasks at the same time. 


The host adapter dequeues on a first in, first out (FIFO) basis for each target/LUN combination. 
However, due to the optimization algorithm used by the host adapter, a task may sometimes be 
started earlier in spite of it's late entrance in the queue on multiple target/LUN systems. Task 
queueing should not be used where changes in the order of command execution may cause data 
integrity failures. 


2.2.2 Single-Threaded Operation 


A host adapter BIOS is provided to emulate the standard hard disk BIOS and boot functions. With 
this BIOS, the host adapter can be used in lieu of a standard hard disk controller on any ISA 
compatible system. 


The BIOS is compatible with the standard hard disk BIOS. This allows DOS to access up to two 
hard disk devices on the SCSI bus without a driver. All normal I/O functions are supported 
including system booting. Single threaded operation and multithreaded operation do not operate 
simultaneously. Single threaded operation cannot be requested until all muluthreaded operations are 
completed. Similarly, all multithreaded operations must be complete before a single threaded 
operation can be requested. For most multitasking operating systems, such as Xenix and OS/2, 
single threaded operation is normally used only for the early part of the boot operation, after which 
multithreaded drivers take over all control of the SCSI operations. 
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3.1 UNPACKING AND INSPECTION 


The carrier is responsible for damage incurred during shipment. In case of damage, have the carrier 
note the damage on both the delivery receipt and the freight bill, then notify your freight company 
representative so that the necessary insurance claims can be initated. 


After opening the shipping container, use the packing slip to verify receipt of the individual items 
listed on the slip. Retain the shipping container and packing material for possible later reuse 
should return of the equipment to the factory necessary. 


CAUTION: THE AHA-154XA IS CAREFULLY DESIGNED TO RESIST THE EFFECTS OF 
STATIC ELECTRICITY. HOWEVER, LIKE ALL ELECTRONIC EQUIPMENT , IT CAN BE 
DAMAGED OR ITS LIFE CAN BE SHORTENED BY UNUSUAL STATIC DISCHARGES. 
PLEASE TAKE THE PROPER PRECAUTIONS WHEN HANDLING THE BOARD. KEEP 
THE BOARD IN ITS CONDUCTIVE WRAPPING UNTIL IT IS READY TO BE INSTALLED 
IN YOUR SYSTEM. BE SURE THAT THE HOST COMPUTER AND THE PERSONNEL 
HANDLING THE BOARD ARE PROPERLY GROUNDED WHILE INSTALLING THE 
BOARD. 


3.2 INSTALLATION 


The following section details the installation procedure for the Adaptec AHA-1540A/1542A AT to 
SCSI host adapter. The installation of the board consists of setting the various on-board jumpers, 
preparing the SCSI devices, installing the correct terminations, inserting the board into a full-length 
AT compatible connector, and connecting a SCSI cable from the on-board connector to a SCSI 
target. 


NOTE: The system must be turned off during the installation procedure. 


3.2.1 System Configuration 


The DOS operating system and the standard AT BIOS support two hard disk drives, drive C: and 
drive D:. If two standard hard disk drives are installed, they are the only hard disk drives 
accessible from the operating system. If one standard hard disk drive is installed, the AHA-154XA 
BIOS allows DOS to access the SCSI drive with the Target:LUN address of 0:0 as the second of 
the two supported drives (drive D:). If no standard hard disk drives are installed, the AHA-154XA 
BIOS allows DOS to access the SCSI drive with the address of 0:0 as the first of two supported 
drives (drive C:) and the SCSI drive with the address of 0:1 or 1:0 as the second of the drives 
(drive D:). System booting is performed from the floppy drive if a floppy diskette is installed. If no 
floppy is installed, system booting is attempted from the drive chosen as drive C: through the 
above process, whether the drive is a standard hard disk or a SCSI hard disk. The AHA-154XA 
BIOS fully supports the extended partitioning capabilities of DOS 3.3 for up to two drives. The 
AHA-154XA BIOS only supports the AHA-154XA if its I/O Port Address is set to 330h. 
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Adaptec provides a special DOS driver for the AHA-154XA that allows the support of up to 24 
physical or logical devices under DOS. Many other operating systems, including SCO Xenix and 
Unix, do not have this limitation and will allow the access of any number of attached SCSI 
devices. 


The term "standard hard disk" refers to the disks attached to the system by a standard ISA disk 
controller. These standard hard disks can be set to the "Installed" or “Not Installed" state by the 
SETUP program that is supplied with each ISA host computer. The SETUP program allows the 
user to select the number of standard hard disks that are recognized by the system regardless of 
whether or not they are physically installed. 


3.2.2 Hardware Setup 


Several preparatory steps must be taken to install the host adapter in the host computer. The 
initialization jumpers must be correctly placed in the AHA154XA. The SCSI Bus terminators must 
be installed in the correct SCSI devices. Finally, the correct SCSI addresses must be assigned to 
each peripheral device. 


‘The Adaptec AHA-1540A/1542A 16-Bit AT bus to SCSI bus Host Adapter has been designed to 
operate as shipped in the majority of AT class computers. The host adapter's jumper settings 
should almost always remain in their original default positions. Refer to section 3.3 if conflicting 
memory or port assignments require that the host adapter jumpers be reconfigured. The AHA- 
1540A/1542A is shipped with the following default settings: 


SCSI Address 7 

SCSI Parity Enabled 
Terminators Installed 
Terminator Power Supplying 
Synchronous Negotiation Disabled 
DMA Channel 5 

Interrupt Channel 1] 

AT Port Address 330H 

AT BIOS Address ODCOOOH 
LA Enable Jumper Installed 


Termination 


The SCSI bus must be terminated correctly to assure proper operation. The first and last 
physical SCSI devices on the SCSI cable must have terminators installed. All other SCSI 
devices must have terminators removed. The host adapter is shipped with terminators already 
installed at locations RN3, RN4, and RNS. The internal and external connectors connect to 
the same SCSI bus, so both internal and external cabling must be considered in determining 
where terminators are installed. 


If only one cable (either internal or external) is connected to the host adapter, the terminators 
must remain installed in the host adapter. Terminators must also be installed on the device at the 
farthest end of the cable from the host adapter. Terminators must be removed from all other 
attached SCSI devices. 
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If both an internal and an external cable are connected to the host adapter, remove the 
terminators on the host adapter and install terminators on the devices at the farthest end of each 
cable. Terminators must be removed from all devices except the device at the end of each cable. 
The instruction manuals for each SCSI device will indicate how the terminators can be removed 
or replaced. 


Addressing 


The SCSI target address for each SCSI device to be attached must be selected by setting the proper 
jumpers or switches on the device. If the SCSI device is a hard disk that is to be used as the boot 
disk, it must have the Target Identifier (SCSI Address) set to zero and the Logical Unit Number set 
to zero. SCSI Addresses O and 1 should be reserved for SCSI hard disk drives. SCSI Address 2 
is often used for tape devices. Each installed peripheral must have a different Target Idenufier. The 
host adapter's default address is 7. Duplicate SCST Addresses will cause errors that are extremely 
difficult to identify. Any jumpers that control operating modes must also be properly set. If there is 
a jumper that enables synchronous transfer negotiation, the jumper should be set to enable 
negotiation. Check the SCSI drive or controller to ensure that Parity Checking is enabled. If Parity 
checking on the device 1s disabled or not supported, the jumper at location J8 of the host adapter 
should be removed. Parity checking should only be enabled if all SCSI devices support it. 


Installation Procedure 


Now that the host adapter and the devices to be installed have been properly prepared, the 
devices should be installed in the following manner: 


1) Turn OFF the power to the computer system. 
2) Remove the system cover according to the directions of the computer manufacturer. 


3) If only an external SCSI subsystem is to be used, no internal cabling is required. If an 
internal SCSI peripheral is to be used, install a 50 pin SCSI mbbon cable to the host adapter. 
This cable must be oriented correctly. Pin 1 of the SCSI cable is designated by a red stripe. 
Multi-color 50 pin ribbon cables signify pin 1 with a brown color. Pin 1 on the host adapter 50 
pin SCSI header is located on the left hand side, farthest from the installation bracket and is 
designated by the words PIN 1 on the board adjacent to the header. After locating pin 1 on the 
host adapter and on the SCSI cable, carefully insert the connector located at the end of the long 
end of the cable into the host adapter connector. After ensuring that all pins are lined up and 
that the pin 1 orientation 1s correct, firmly seat the connector to the board. If it is ever necessary 
to remove the cable, gentle prying with a small thin-bladed screwdriver may be required. 


4) After installing the SCSI cable, the host adapter can be installed in any one of the adapter 
slots in the host computer. 


5) If an internal SCSI device is to be used, it should be installed in the drive bays in accordance 
with the directions on the peripheral. The proper power supply must be connected to the SCSI 
peripheral device. 


6) The 50 pin SCSI ribbon cable can now be attached to each SCSI device. Refer to the 
device's installation instructions to ensure proper pin 1 orientation. Pin 1 orientation must be 
consistent throughout the system. Keep the ribbon cable neatly dressed away from the 
ventilation slots in the computer system. Keep the ribbon cable dressed away from possible 
electrical noise sources or noise sensitive components, particularly large microprocessors, 
memory boards, switching power supplies, and analog data acquisition boards. If the internal 
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configuration requires the cable to come near noise sensitive circuits , make sure that the cable 
crosses the boards at night angles and is near the noise sensitive circuits for the shortest 
distance possible. 


7) Carefully reinstall the cover of the computer. 


8) If an external SCSI subsystem 1s to be installed, it can now be cabled to the External SCSI 
Connector projecting from the shielding bracket on the back of the AHA-154XA Host Adapter. 
The proper shielded SCSI cable must be used for proper operation. The external connector on 
the AHA-1540A/1542A is a D shell connector that ensures correct pin 1 orientation on the host 
adapter. The subsystem, cables, and SCSI terminators must be installed in accordance with the 
directions provided with the external SCSI subsystem. The addresses selected for external 
SCSI devices must not overlap with the addresses of the host adapter or any other SCSI 
devices attached internally. 


3.2.3. Checklist 
Before applying power to your system, the following items should be completed and checked: 


50 pin SCSI nbbon cable 1s connected to the host adapter with proper pin | orientation. 
The host adapter is firmly seated in the host computer's adapter slot. 

The correct SCSI addresses are selected on all attached SCSI devices. Address 0 is 
reserved for the boot hard disk and address 1 is used for a second hard disk. 

The correct operating modes are selected on all attached SCSI devices. 

Terminators are installed or removed on the drives and host adapter as required. 

External SCSI devices are properly installed and cabled. 


ONO WW 


3.2.4 Operation Using the BIOS Under DOS 


To bring up the system for the first time with the host adapter installed, insert a bootable system 
diskette in drive A:, and close the door. After the system initialization and power-up diagnostics 
have completed, system error messages, such as "SYSTEM CONFIGURATION CHANGED, 
RUN SETUP" and prompts on how to continue, may be displayed. After following the 
instructions displayed on the screen, the system will boot from the flexible diskette drive. 


Run your SETUP program to configure the system as required. Remember that a SCSI drive 
can only be used as a boot device if both standard hard disks are mapped out. 
When the SETUP parameters have been defined, follow the directions on the screen to re-initialize 
the system. 


Most SCSI drives are shipped from the factory with a complete low-level format. A few SCSI 
drives and most bridge controllers, including the CCS compatible Adaptec ACB-4525Z, require a 
low-level SCSI format operation before they will operate. Section 7.4 describes how the low-level 
format utility that is available in the Adaptec BIOS Utilities should be used to format such SCSI 
devices. 


Run the DOS FDISK program to partition the disk for the number of cylinders to be used by DOS. 
When using DOS 3.2 or under, it is generally a good idea to select 1 less cylinder than the 
maximum allowable per partition according to DOS. This eliminates the possibility of exceeding 
the 32 MB limit. Activate the first DOS partition before leaving the FDISK program if it is to be the 
boot partition. If you are not sure if a DOS partition exists, use the menu entry in FDISK to display 
partition data. 
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After the DOS partition has been created and activated, the drive is ready for a DOS FORMAT. 
Refer to the DOS manual for the format options that are available. If the system is going to boot 
from a SCSI disk, it is usually easiest to transfer the hidden system files to that disk during the 
FORMAT. 


CAUTION: IF THE DRIVE YOU ARE USING WAS PREVIOUSLY FORMATTED OR 
PARTITIONED WITH A DIFFERENT HOST ADAPTER OR DISK CONTROLLER, A DOS 
PARTITION MAY ALREADY EXIST. IF SUCH A PARTITION DOES EXIST IT SHOULD BE 
DELETED AND RE-CREATED USING THIS HOST ADAPTER. IF THIS PRECAUTION IS 
NOT FOLLOWED, ERRATIC SYSTEM OPERATION MAY RESULT. 


The host adapter and SCSI disks are now ready for normal operation. The host adapter's BIOS 
performs the necessary initialization procedures during the boot operation. This procedure is 
described in section 6.1.1 


3.3 Jumper Configuration 
All of the jumpers have been preset at the factory to ensure proper system operation with the 


majority of AT bus systems. This information is provided to help the OEM or system integrator to 
configure the system properly if other option boards present conflicts. 


The following diagram shows the approximate location of the various customer configurable items 
on the AHA-1540A/1542A. Listed after the diagram are the functions, defaults, and set-up options 
for each jumper. 


Jumper locations: 
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3.3.1 Jumper Block Jl 


Jumper block J1 is shown below: 


, 
Pin 1 Synchronous Transfer 
Diagnostics 

SCSI Parity 

SCSI Address 

SCSI Address 

SCSI Address 


DMA Channel 
J14 1 l 
DMA Channel! —- and J15 must also be set 


Interrupt Channel 
Interrupt Chane! |— J16 must also be set. 
Interrupt Channel 


DMA Transfer Speed 
DMA Transfer Speed 





Ooo Oo 0 O0 00 000 OC cq. 





oOo oO Oo OoO0O O00 00 00 0 


Jumper block J1 is the large vertically oriented block of jumpers located near the center of the host 
adapter. Pin pair 1 is the topmost pair of pins. 


3.3.1.1 SCSI Synchronous Negotiation 


Pin-pair 1 of jumper block J1 is the synchronous negotiation enable jumper. The AHA- 
1540A/1542A will initiate SCSI synchronous negotiation during initialization, or after a SCSI reset 
if this jumper is installed. If the jumper is not installed, the AHA-1540A/1542A will still support 
synchronous SCSI transfers, but a different SCSI device must initiate the negotiation. Default is 
jumper removed, synchronous negotiation initiation disabled. If any attached SCSI 
devices support synchronous transfer, the initiation of negotiation should be enabled by both the 
AHA-154XA and the attached devices to fully implement the SCSI synchronous negotiation 
protocol. 


3.3.1.2 Diagnostic Jumper 

Pin-pair 2 of jumper block J1 is a factory diagnostic jumper. This jumper is reserved for Adaptec 
use and must not have a jumper shunt installed. If this jumper is installed, the firmware will loop 
through the power on diagnostics, preventing normal operation. Default is jumper removed. 
3.3.1.3 SCSI Parity 


Pin-pair 3 of jumper block J1 is the parity enable/disable jumper. The SCSI parity checking is 
disabled if this jumper is installed. The default is parity checking enabled. 
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3.3.2 SCSI Address 


Pin-pairs 4, 5, and 6 of jumper block J1 define the SCSI address. The SCSI address is selected 
according to the following table. The default address is 7. 


1 
Pin 1 
Pin-pair 
Pin-pair 4 SCSI 0 ; 
Pin-pair 5 SCSI 1 Default 
Pin-pair 6 SCSI 2 


7 
6 
5 
4 
3 
2 
1 
0 





oOo oOo oOo 0a CoO 0 0O0 0 O° - 
oO Oo 0 O00 Oo 0 0000 0 





X = Jumper Installed 


3.3.3 DMA Channel 


There are three jumper blocks involved in selecting the DMA channel. These are J1, J14, and J15. 
The DMA channel selection jumpers consist of pin pairs 7 and 8 located in the large block of 
jumper pins J1. The DMA channel reported to the AT during the Return Configuration command is 
set by these jumpers according to the following table. Default is DMA channel 5. 


Jumper set J14 selects the DMA REQ signal to be used by the AHA-1540A/1542A according to the 
following table. This jumper set is located near the bottom center of the host adapter. Pin pair 1 is 
the nght most pair of pins. 

The default is DMA Request 5. 


Jumper set J15 selects the DMA ACK signal to be used by the AHA-1540A/1542A according to 


the following table. This jumper set is located near the bottom center of the host adapter. Pin pair 1 
is the night most set of pins. The default is DMA Acknowledge 5. 
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There are four DMA channels that may be chosen for use by the AHA-1540A/AHA-1542A, 
channels 0, 5, 6, and 7. The DMA channel is set up by using the three jumper blocks and pin-pairs 
previously described. The jumper settings for each channel are shown below: 







J 1 
Pin 110 0 J1 DMA CHANNEL JUMPERS 
+ 
00 7 8 Channel 
0 0 OO 7 
0 0 Default 
0 0 
Pin-pair 7] 0 O 
Pin-pair 8] x x 
0 0 J14 2 J15 2 
00 00 xX OI— Pin 1 00 xX O}—Pin 1 
0 0 OO0OxXxO OO0OxXxXO 
0 0 Channel 0 Channel 0 
0 0 Channel 5 Channel 5 
Channel 6 Channel 6 
Channel 7 Channel 7 


X = Jumper Installed 
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3.3.4 AT Interrupt Channel 


There are two jumper blocks involved in selecting the AT interrupt channel. These are J1 and J16. 
The AT interrupt channel jumpers consist of pin pairs 9, 10, and 11 in the large block of jumper 
pin pairs J1. The interrupt channel reported to the AT during the Return Configuration Command 
is set by these jumpers according to the following table. The default is interrupt channel 11. 


Jumper set J16 selects the AT interrupt channel to be used by the AHA-1540A/1542A. This jumper 
set is located near the bottom center of the host adapter. Pin pair 1 is the nght most pair of pins. 
The interrupt channel used is set according to the following table. The default interrupt 
channel is 11. 











J1 
Pin 110 0 J1 INTERRUPT CHANNELS 
+ 
0 0 9 10 11 Channel 
10 0 . 
0 0 
0 0 
0 0 
0 0 
Pin-pair 9 |0O O | Interrupt 
Pin-pair 10 | X X | Interrupt ; 
Pin-pair 11 0 © | Interrupt Pin 1 
0 0 IRQ 9 
0 0 IRQ 10 
IRQ 11 
X = Jumper Installed IRQ 12 
IRQ 14 
IRQ 15 
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3.3.5 DMA Transfer Speed Default 


Pin-pairs 12 and 13 of jumper block J1 set the default DMA transfer speed. Installing jumper 
shunts as shown below will set any of 4 default DMA transfer speeds. (See Appendix A for 
system timing requirements.) The default speed is selected after power on or after a hard reset 
occurs. This speed may also be tuned to allow for the fastest possible transfer (minimum bus on 
time) for any particular system by using the Host Adapter command Set Transfer Speed. The Host 
Adapter Command overrides the jumper settings. This command 1s detailed in section 5. The 
default is no jumper installed. 


J1 


Pin 1 


Default 





OO OOO 000 0 0 SO 
OOO OOO 00 0 0 O 


O | DMA Transfer Speed 
QO | DMA Transfer Speed 


Pin-pair 12] 0 
Pin-pair 1310 


X = Jumper Installed 


3.3.6 AT BIOS Wait State 


Jumper block J7 allows IOCHRDY on the AT bus to be driven not active during BIOS reads. The 
time may be set to 100ns, 200ns, 300ns, or the function may be disabled. The default is Wait 
State Disabled. 


J7 Pin 1 
OOO xX 
OOO X 
| Disable Wait States 
100 ns 
200 ns 
300 ns 


X = Jumper installed 
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3.3.7 AT Port Address 


The starting address of the block of four I/O ports required by the AHA-1540A/1542A is selected 
by the jumpers in jumper block J6. Pin pair 1 is the right most pair of pins. The default address is 
0330H. That port address is required by the BIOS. Other valid port addresses are 334H, 330H, 
234H, 230H, 134H, and 130. These port addresses may be used by device drivers and operating 
systems that support multiple host adapters. The default address is 330H. 


AT Port Address 
AQ A8 A2 | Address 


330H | Default 


o 


J Pin 1 


OO X 
OO X 






Default is 330H 
X Jumper Installed 


3.3.8 AT BIOS Address 
The starting address of the block of address space reserved for the Adaptec BIOS is selected by the 


jumper pins located in J10. The default address is ODCOOOH. This address must not 
conflict with any other BIOS or decoded address space in the system. 


BIOS Address 


















J10 
Jumpers BIOS 
ee ewan ee 
BIOS Address 0 OO | 0DCO00H 
BIOS Address 1 X O | OCCOOOH 
OX |0D8000H 


DEFAULT ADDRESS = 0DCO00H 


X = Jumper Installed X_X 


OC8000H 





3.3.9 Front Panel LED Connector 
J5 is the front panel LED header. Pins 1 and 4 are connected to the same 220 ohm pull up resistor 
and pins 2 and 3 are pulled low by the same LED driver whenever the on board LED is on. This 


allows the Front Panel LED cable to be plugged in with either orientation. The driver is specified to 
pull 24 milliamps through the LED. J5 is located near the top left of the host adapter. 


J5 Pin 1 
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3.3.10 LA Enable Jumper (AHA-W1542A Only) 


Note: This jumper exists only on the early production units. These are easily identified by a label 
on the board that has a model number of AHA-W1542A. Standard production AHA-1540A and 
AHA-1542A boards do not have this jumper. 


When J8 is installed, address drivers LA17 - LA19 are enabled. When not installed these address 
lines are not driven. Some computers, especially 80386 based machines, short address lines LA17 
and SA17, LA18 and SA18, and LA19 and SA19 together. If your computer system shorts these 
lines then remove jumper J8. Default is jumper installed. 


CAUTION: INCORRECT INSTALLATION OF THIS JUMPER MAY NOT RESULT IN 
IMMEDIATE SYSTEM PROBLEMS. IF IT IS NECESSARY TO CHANGE THE STATE OF 
THIS JUMPER AFTER THE SYSTEM HAS BEEN CONFIGURED, THE SCSI HARD DISK 
MUST ALSO BE RE-FORMATTED. CONTACT THE COMPUTER SYSTEM 
MANUFACTURER IF THERE IS ANY DOUBT ON HOW THE SYSTEM IMPLEMENTS 
THESE ADDRESS LINES. 


3.3.11 Auxiliary Jumpers 


Installation of a jumper shunt on pin pair 4 of jumper block J9 will disable the automatic request 
sense function on the AHA-1540A/1542A. If the automatic Request Sense function is enabled, it 
may additionally be disabled on a command by command basis using the Request Sense Allocation 
Length Field of the CCB (see Section 5.3). All other pins-pairs on jumper block J9 are reserved 
for future use. : 


JQ 1 4 
000 0 
000 0 
Disable Auto Sense 
Reserved 
Reserved 
Reserved 


3.3.12 BIOS Enable/Disable 


Only one host adapter BIOS should be enabled in any host system. That BIOS allows DOS to 
access up to two SCSI drives on the host adapter having a port address of 330H. Any other host 
adapters installed in the system must have their BIOS disabled. In addition, certain operating 
systems may require that the BIOS be disabled. The enabling of the BIOS is controlled by jumper 
J11, near the bottom left of the host adapter. When the jumper is installed on J11 the BIOS is 
enabled. When the jumper is removed, the BIOS is disabled and will not respond to host reads. 
The default is jumper installed. 
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3.3.13 SCSI Terminators 


RN3, RN4, and RNS are the SCSI terminators. If the AHA-1540A/1542A is not the first or the 
last SCSI device in a string of SCSI devices, or if in-line terminators are used, then all of these 
resistor networks must be removed. More information is provided in section 3.2.2 about the 
proper use of the SCSI terminators. The default is terminators installed. 


3.3.14 SCSI Terminator Power 


Fuse F1 controls the terminator power. If another SCSI device is supplying terminator power, then 
Fl may optionally be removed. No more than 5 SCSI devices should be configured to supply 
terminator power to a single SCSI bus. The default is F1 installed with the AHA- 
1540A/1542A supplying terminator power. The terminator power is protected with a 1.5 amp fuse 
to prevent short circuits from burning SCSI cables. The terminator power is additionally protected 
from terminator power back-flow with a low voltage-drop diode so that the SCSI bus will continue 
to operate even if one or more SCSI host adapters is powered down. 


3.4 FLEXIBLE DISKETTE CONTROLLER CONFIGURATION JUMPERS (AHA- 
1542A ONLY) 


3.4.1 Flexible Diskette Controller Secondary Address 


Jumper J12, located near the center nght of the host adapter, controls the selection of the flexible 
diskette controller secondary address. When J12 is installed, the flexible diskette controller will 
respond to I/O addresses 370-377. When not installed, the flexible diskette controller will respond 
to I/O addresses 3F0-3F7. The default is no jumper installed. 


3.4.2 Flexible Diskette Controller Enable 

Jumper J13, located near the bottom left of the host adapter, enables or disables the flexible 
diskette controller. When this jumper is installed, the flexible diskette controller will respond to 
host reads and writes. When not installed, the flexible diskette controller will not respond to any 
signal. The default is jumper installed. 

3.4.3 Flexible Diskette Controller Interrupt Channel 


Jumper block J17, located near the bottom right of the host adapter, sets the interrupt channel for 
the flexible diskette controller. The default is interrupt channel 6. 


J17 Pin 1 J17 Pin 1 
oe =i 
Interrupt Channel 6 Interrupt Channel 10 


X = Jumper Installed 
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3.4.4 Flexible Diskette Controller DMA Request Channel 


Jumper J18, located near the bottom ri ght of the host adapter, selects the DMA Request channel for 
the flexible diskette controller. Jumper J19, the DMA Acknowledge jumper, must be set to the 
same position. Default is DMA channel 2. 


J18 Pin 1 J18 Pin 1 
ie cacti] 
DMA REQ Channel 2 DMA REQ Channel 3 


X = Jumper Installed 


3.4.5 Flexible Diskette Controller DMA Acknowledge Channel 


Jumper J19, located near the bottom right of the host adapter, selects the DMA acknowledge 
channel for the flexible diskette controller. Jumper J18, the DMA Request j jumper, must be set to 
the same position. Default is DMA channel 2. 


J19 Pin 1 J19 Pin 1 
pe al 
DMA ACK Channel 2 DMA ACK Channel 3 


X = Jumper Installed 
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4.0 HARDWARE FUNCTIONAL DESCRIPTION 
4.1 HARDWARE OVERVIEW 


This section provides a description of the AHA-1540A/1542A hardware functional interface to the 
PC/AT host software. 


The hardware consists of a custom SCSI protocol chip, the AIC-6250, a FIFO buffer, a set of I/O 
ports, and a controlling microprocessor. 


The DMA control logic on the host adapter controls the AT bus arbitration and data transfer hand 
shaking. During DMA data transfers, the AHA-1540A/1542A becomes a bus master. The DMA 
logic supports both odd and even starting addresses. For odd starting addresses, the first transfer 
will be an 8-bit transfer. Thereafter, 16 bit transfers will be used to complete the data transfer. 
Odd-byte transfers, and the the last ans Ees of an even number of bytes to an odd address are 
treated in a similar manner. 


The SCSI port is controlled by the AIC-6250, an Adaptec SCSI protocol device which supports 
arbitration, selection, and reselection with a minimum of processor intervention. This VSLI device 
also supports target mode and synchronous SCSI transfers. 


4.2 /O PORT INTERFACE 

The I/O port interface consists of three address locations. These three port addresses are decoded in 
the AT I/O address space. They form the primary communications channel between the host and 
the host adapter. The I/O ports are 8 bits wide. The base port is for control and status, the second 


port for command and data transfer, and the third port for interrupt flags. 


VO PORT INTERFACE BIT DEFINITION 


PORT ADDRESS = BASE + 0 


WRITE: Control Register READ: Status Register 
Bit 7 Hard Reset (HRST) Bit 7 Self Test in Progress (STST) 
Bit 6 Soft Reset (SRST) Bit 6 Internal Diagnostic Failure (DIAGF) 
Bit 5 Interrupt Reset (IRST) Bit 5 Mailbox Initialization Required (INIT) 
Bit 4 SCSI Bus Reset (SCRST) Bit 4 SCSI Host Adapter Idle (IDLE) 
Bit 3 Reserved (0) Bit 3 Command/Data Out Port Full (CDF) 
Bit 2 Reserved (0) Bit 2 Data In Port Full (DF) 
Bit 1 Reserved ((Q) Bit 1 Reserved ( Undefined ) 
Bit 0 Reserved (0) Bit 0 Invalid H A Command (INVDCMD) 
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PORT ADDRESS = BASE + 1 


WRITE: Command / Data Out READ: Data In 
Bit 7 Command/Data Out Bit 7 Bit 7 Data In Bit 7 

. Bit 6 - Bit 6 Bit 6 " Bit 6 
Bit 5 is Bit 5 Bit 5 ‘ Bit 5 
Bit 4 " Bit 4 Bit 4 ‘ Bit 4 
Bit 3 : Bit 3 Bit 3 7 Bit 3 
Bit 2 F Bit 2 Bit 2 . Bit 2 
Bit 1 7 Bit 1 Bit 1 7 Bit 1 
Bit O i Bit O Bit O 7 Bit O 


PORT ADDRESS = BASE + 2 


WRITE: Reserved, do not write READ: Interrupt Flags 
Bit 7 Bit 7 Any Interrupt 
Bit 6 Bit 6 Reserved | 
Bit 5 Bit 5 Reserved 
Bit 4 Bit 4 Reserved 
Bit 3 Bit 3 SCSI Reset Detected (SCRD) 
Bit 2 Bit2 =. HA Command Complete (HACC) 
Bit 1 Bit 1 MBO Empty (MBOA) 
Bit 0 Bit 0 MBI Full (MBIF) 


4.2.1 Control and Status Port 


Writing a one to the bits of the Control! Port initiates certain special host adapter operations. There 
is nO requirement to return the bits to the zero state, since they are reset automatically after the 
requested operation is initiated. Read operations to the Status port address return host adapter 
status information. 


Base+0 Port, Write: Host Adapter Control Port. 


Bit7 Hard Reset (HRST): The setting of the Hard Reset bit to one forces the host 
adapter into a state identical to a normal power on state. Diagnostic functions are 
executed and all status for ongoing SCSI operations is lost. A Reset Condition is 
generated on the SCSI bus. While the reset is being processed, the Self Testing in 
Progress bit (Host Adapter Status Port bit 7) is set. When the reset is complete, that 
bit is reset and the Mailbox Initialization Required bit (Host Adapter Status Port bit 
5) and the SCSI Host Adapter Idle bit (Host Adapter Status Port bit 4) are set, 
indicating that the AHA-154XA mailbox structure must be re-initialized and that no 
other operations are active on the host adapter. See section 4.3, describing the 
overall reset structure. 
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Bit 6 


Bit 5 


Bit 4 


Bits 0-3 


Soft Reset (SRST): The Soft Reset bit clears all ongoing SCSI and host adapter 
commands. All Command Control Blocks are abandoned and all queued commands 
are abandoned. Mailbox In and Mailbox Out entries must be cleared by the host. No 
diagnostic functions are executed. No Reset Condition is generated on the SCSI 
bus. The Mailbox Initialization Required bit (Host Adapter Status Port bit 5) and 
the SCSI Host Adapter Idle bit (Host Adapter Status Port bit 4) are set when the 
reset processing is completed. This indicates that the AHA-154XA Mailbox 
structure must be re-initialized and that no other operations are active on the Host 
Adapter. See section 4.3, describing the overall reset structure. 


Interrupt Reset (IRST): The setting of this bit clears the interrupt port of all bits that 
have been set and resets the interrupt line. The host adapter manages the interrupt 
presentation to minimize the possibility of incorrectly resetting an interrupt. MBOE 
and MBIF interrupts are presented immediately unless an SCRD or HACC interrupt 
has not yet been cleared. An SCRD or HACC will only be presented after any 
interrupt bit has been cleared and DF is zero, indicating an operation is fully 
completed. The prompt resetting of MBOE and MBIF interrupts minimizes the 
chance of a reset of one also resetting the other. Host programs should, however, 
be aware that there is a small chance of falsely resetting a new MBIF reset while 
clearing an MBOE interrupt. This can be resolved by periodically scanning the MBI 
entries when activity 1s expected on the host adapter or by not enabling the MBOE 
interrupt. 


SCSI Bus Reset (SCRST): The setting of this bit causes a SCSI Bus Reset to be 
generated on the SCSI bus. The SCSI Bus Reset 1s triggered at the time the SCRST 
bit is set to one and raises the RST line on the SCSI Bus for the architected 25 
microsecond period. The reset is managed as a SCSI] Soft Reset and will allow 
partially completed operations to continue after the reset occurs. See section 4.3, 
describing the overall reset structure. 


Reserved: Reserved bits must be set to zero to avoid compatibility problems with 
future extensions of the Control Register. 


Base+0 Port, Read: Host Adapter Status Port 


Bit 7 


Bit 6 


Self Testing in progress (STST): This bit, when one, indicates that the host adapter 
is performing self-initialization and internal diagnostics. The bit is asserted after a 
power-on or hard reset (Control Port Bit 7 HRST = 1). When diagnostic operation 
is complete, the STST bit is set to zero and bit 5 or bit 6 is set to indicate the 
successful or unsuccessful completion of the diagnostics. If bit 7 remains on, it 
indicates that the initialization or diagnostic could not be completed. The error 
condition can be determined as described in section 10. In most cases, bit 6 
(DIAGF) will be set to indicate that an internal diagnostic failure occurred. 


Internal Diagnostic Failure (DIAGF): This bit, when one, indicates that the self- 
testing process has completed and that an error was detected. The host adapter must 
be reset by setting the Hard Reset bit (bit 7 of the Control Port) to clear the error. If 
the AHA-154XA again detects an error, troubleshooting procedures must be 
performed to identify and correct the error condition. The diagnostic LED will 
usually present a flash code that indicates the nature of the failure. Section 10 
describes the corrective procedures. 
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Bit5 Mailbox Initialization Required (INIT): This bit, when one, indicates that the self- 
testing process has completed successfully and that the AHA-154XA is ready for 
mailbox initialization to be performed. The base memory address of the Mailbox 
area must be established by execution of the Mailbox Initialization command. After 
execution of the Mailbox Initialization command and any other desired initialization 
operations, the AHA-154XA 1s ready for full operation. _ 


Bit4 SCSI Host Adapter Idle (IDLE): This bit, when one, indicates that the host adapter 
is in the idle state. The host adapter has no outstanding Adapter Commands or 
SCSI commands. The host processor must wait for the idle state before executing 
any Adapter Command except the Start SCSI (02) and Enable Mailbox Out 
Interrupt (05) commands. 


Bit3) Command / Data Out Port Full (CDF): The host uses the CDF bit to synchronize 
command and data transfers to the host adapter. An Adapter Command byte or an 
outbound parameter byte can be placed in the Command / Data Out Port when the 
port is empty, indicated by the CDF bit being zero. When a byte is placed in the 
Command / Data Out Port, the CDF bit is set to one and remains one until the host 
adapter has obtained and processed the byte. When the CDF bit returns to zero, the 
next Command or parameter byte can be placed in the port. 


Bit2 Data In Port Full (DF): The host uses the DF bit to synchronize transfers of data 
from the host adapter to the host. When the DF bit is set to one, the host adapter has 
placed a byte in the Data In Port for the host to remove and process. When the host 
performs a read to the Data In Port address, the DF bit is set back to zero 
automatically and not set to one again until a new data byte has been placed in the 
Data In Port by the host adapter for the host. 


Bit 1 Reserved: This bit is zero. 


BitO Invalid Host Adapter Command (INVDCMD): The Invalid Host Adapter Command 
bit is set to one if an invalid command or parameter byte was received in the 
Command / Data Out Port . After sending a command byte or data byte, the host 
software determines that the next byte 1s ready to send by waiting for the CDF bit to 
be reset. If the command byte or parameter byte is not valid, the command 
sequence will instead be terminated by the host adapter. The host adapter always 
terminates a command by raising the Host Adapter Command Complete (HACC) 
interrupt. If the HACC interrupt is set to one and the INVDCMD bit is not set, the 
command terminated normally. If the INVDCMD bit is also set to one, the 
command or parameter bytes were determined to be invalid and the command 
terminated abnormally. The INVDCMD bit is only valid from the time the HACC 
interrupt is set until the HACC interrupt is reset. The bit's value is not predictable 
until a new HACC interrupt is set for a new Adapter Command. 


4.2.2 Command/Data Out and Data In Port 


The second I/O port address is used by the host to wnte Adapter Command bytes and 
accompanying parameter data bytes to the host adapter. It is also used by the host adapter to send 
parameters back to the host to be read. The Command / Data Out Port is used by the host to send 
host adapter initialization and management commands and parameters that cannot be sent by the 
standard Mailbox protocol. Information requested by the Adapter Commands placed in the 
Command / Data Out Port is returned through the Data In Port. The host should understand the 
format and number of bytes to be transmitted for each command so that extra invalid bytes are not 
passed across the interface. Bytes in addition to those required by the particular command are 
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likely to be interpreted as invalid, although they may instead cause the execution of valid 
commands that were not supposed to be performed. 


The host should only wnte to the Command / Data Out Port when CDF is zero. This allows time 
for the host adapter to process a previously written command or parameter byte. CDF is 
automatically set to one when the host writes to the port and is reset to zero after the host adapter 
removes the byte from the port. | 


If an Adapter Command needs additional data bytes, the host waits until CDF is zero before 
writing the additional bytes to the Command / Data Out Port. Just as in the command transfer case, 
each parameter byte written will set the CDF. The host can write additional data bytes only after 
CDF is again zero. The HACC interrupt will indicate when the command has terminated, normally 
or abnormally. If INVDCMD 1s also set, the host adapter found either the command or data bytes 
to be invalid and terminated abnormally. The use of CDF as a hand-shaking bit is required to 
prevent the transfer of invalid data. 


If an Adapter Command requires data transfer from the host adapter, the host adapter will place the 
data bytes in the Data In Port and set the DF bit (Status Port bit 2) to indicate that the requested 
parameter is ready for the host to read. When the host reads the Data port, DF is automatically 
reset. The host should wait until DF is again set before attempting to transfer the next parameter 
byte. The use of the DF bit to control the hand-shaking process is required to prevent the transfer 
of invalid data. After the last data byte has been transferred, the HACC interrupt bit will be set 
indicating command completion. If the Adapter Command was invalid, the HACC interrupt will 
occur before all data bytes have been transmitted and the INVDCMD bit will be set. 


4.2.3 Interrupt Flag Port 


The Interrupt Flag Port contains bits that indicate the reason that an interrupt was provided to the 
host from the host adapter. The host adapter uses the interrupt to notify the host that the host 
adapter is ready for immediate service from the host. The Interrupt Flag Port is a read-only port. 
When an interrupt bit is set by the host adapter to indicate that the host should respond, the Any 
Interrupt bit and the interrupt line are both also set. When the host begins to examine the returned 
registers and mailboxes to determine the cause of the interrupt and to perform the operations 
needed to service the interrupt, the host will first read the Interrupt Flag Port to record which 
interrupts must be serviced. The host will then clear the interrupts by setting the IRST bit (Host 
Adapter Control Port bit 5). The host adapter presents MBOA and MBIF intermpts immediately 
unless there is already an SCRD or HACC interrupt present. If the SCRD or HACC is present, the 
MBOA and/or MBIF interrupt will be posted after the SCRD or HACC interrupt is cleared. An 
SCRD or HACC interrupt will only be presented if the Any Interrupt signal is zero and the DF 
Signal is zero, indicating the completion of all pending interrupt presentation. It is recommended 
that the MBOA interrupt be enabled only when required by the host. This prevents the possible 
presentation and resetting of MBIF interrupts before they are processed. Other reset operations will 
also reset the Interrupt Flag Port and the interrupt line, including the Hard Reset bit (HRST), the 
Soft Reset bit (SRST), and the power on reset issued by the motherboard. 


Base+2 Port, Read only: Interrupt Flag Port 
Bit7 Any Interrupt: This bit, when one, indicates that the interrupt to the host has been 
established. The actual identify of the interrupting condition is provided in bits 0 to 
3: 
Bit6 Reserved: Returned as zero. 


BitS Reserved: Returned as zero. 
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Bit4 Reserved: Returned as zero. 


Bit3 SCSI Reset Detected (SCRD): This bit, when one, indicates that a SCSI Reset has 
been received on the SCSI bus. The Any Interrupt bit and the AT interrupt signal 
will also be set. The host adapter supports SCSI Soft Reset (see section 4.3). Any 
ongoing target or initiator activities will continue normally after first clearing the 
SCSI bus. In some rare cases, host intervention will be required to restart a SCSI 
command that was aborted by the reset operation. The host can convert the SCSI 
Soft Reset to a SCSI Hard Reset by setting the Control Register Soft Reset (Bit 6) 
to one, clearing all ongoing operations in the host adapter. In this case, the host 
must recognize that any operations not yet completed will never be completed and 
must perform appropriate error recovery operations. See section 4.3, describing the 
overall reset protocol. The SCRD bit is not set for host initiated SCSI Reset 
conditions caused by the setting of the HRST bit or the SCRST bit, since the host 
is already aware of the actions it has requested. If the Any Interrupt signal or DF 
signal is present, the SCRD interrupt will not be presented until the interrupts 
already present are cleared. 


Bit2 Host Adapter Command Complete (HACC): This bit, when one, indicates that an 
Adapter command has been completed, normally or abnormally. The Any Interrupt 
bit and the AT interrupt signal will also be set. If the command was completed 
normally, only the HACC bit will be on. If the command was completed 
abnormally or was aborted before it was completed, the HACC bit will be one and 
the Invalid Command Bit (Status Register bit 5) will also be one. During parameter 
transfers to or from the host adapter, the HACC bit should be examined to verify 
that the command is still being processed and has not been ended abnormally. If 
the Any Interrupt signal or DF signal is set, the HACC interrupt will not be 
presented until the interrupts already presented are cleared. 


Bit 1 Mailbox Out Available (MBOA): This bit, when one, indicates that an outbound 
Mailbox entry is now available for use by the host. The Any Interrupt bit and the 
AT interrupt signal will also be set. Most operating systems will choose to leave 
this interrupt disabled to avoid the generation of extra interrupts. The host adapter 
will normally empty Mailbox Out entries to its local RAM so rapidly that round 
robin filling of the Mailbox Out entries will assure that a Mailbox Out entry will 
already be empty by the time that the host is ready to fill it again. 


If the host finds that all Mailbox Out entries are full, it can enable the Mailbox Out 
Available interrupt by executing an Enable Mailbox Out Interrupt command through 
the I/O Command Port. The Enable Mailbox Out Interrupt command is one of the 
two commands that can be executed without waiting for the IDLE state of the host 
adapter. As soon as any Mailbox Out entry is cleared by the host adapter, an MBOA 
interrupt will be generated to indicate to the host that an MBO entry 1s available. An 
MBOA interrupt is generated after that each time a Mailbox Out entry is cleared by 
the host adapter until an Enable Mailbox Out Interrupt command is executed to force 
the reporting of MBOA interrupts to be disabled. If the SCRD or HACC interrupts 
are present, the MBOA interrupt is not presented until they are cleared. At all other 
times, MBOA is presented immediately. 


BitQ Mailbox In Full (MBIF): This bit, when one, indicates that an entry has been placed 
by the host adapter in the Mailbox In. The interrupt should be reset as soon as 
possible so that any subsequent interrupts can be detected. The host adapter may 
return information in other Mailbox In entries, so the host should check the next 
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entry to determine if more than one set of information has been provided. The MBI 
entries are filled in round-robin order, so the host should simply check the next 
MBI entry after the last one that was found when a new MBIF interrupt occurs. 


If an MBIF interrupt is set and other Mailbox In entnes are made before the 
interrupt is cleared, then all the entries can be scanned as found. The new MBIF 
interrupt will be presented if the SCRD and HACC interrupts are cleared. A new 
MBIF interrupt will be presented regardless of the state of the MBOA interrupt bit. 
It is important to clear and record each interrupt as soon as possible to avoid the 
possible accidental resetting of a valid interrupt. In addition, it is desirable to enable 
the MBOA interrupt as rarely as possible. The host system software must be ready 
to scan for MBI entries even if no MBIF interrupt occurred. 


4.3 RESET OVERVIEW 


The reset functions provided by the AHA-154XA are extensive to allow the fullest flexibility and 
architectural consistency, both with SCSI and with the Industry Standard Architecture. 


4.3.1 Hard Reset Operations 


Resets may be generated by the hardware through two mechanisms. The RESET signal from the 
ISA socket is generated by the system board to reset or initialize all installed adapters upon power 
on or during a low line voltage condition. The system can also activate this signal under host 
program control. In addition to the RESET signal, the setting of the HRST bit (bit 7 of the Host 
Adapter Control Port) will force a hardware reset to the AHA-154XA. Regardless of the source, a 
Hard Reset forces the following actions on the AHA-154XA. 


¢ All internal registers of the AHA-154XA are returned to their reset condition. | 

¢ The host adapter's microprocessor returns all internal information and parameters to their initial 
State. 

¢ The host adapter performs all required internal diagnostics. 

¢ A standard SCSI Reset condition is generated to all other attached SCSI devices. 


During the Hard Reset process, the AHA-154XA will indicate to the attached host that self-testing 
is in process by raising the STST bit in the Host Adapter Status Port. After the Hard Reset process 
is complete, the AHA-154XA will indicate that initialization parameters are required from the host 
by raising the INIT bit in the Host Adapter Status Port. 


4.3.2 SCSI Reset Operations 


The SCSI Reset condition is defined in the SCSI Standard, X3.131-1986, section 5.2.2. A SCSI 
Reset condition may be forced by any SCSI device on the bus. The condition 1s forced by the 
assertion of the SCSI Reset signal. 


The AHA-154XA has four mechanisms which may force a SCSI Reset condition. The SCSI Reset 
condition may be invoked from the host software if the software sets the SCRST bit (Bit 4 of the 
Host Adapter Control Port). In this case, the normal SCSI Reset operations will be performed by 
the Host Adapter and the SCSI Reset signal will be asserted on the SCSI bus. In this case, the 
SCRD bit (Interrupt Flag Port bit 3) will not be set, since the host itself caused the reset. 


The SCSI Reset is invoked if a hard reset is generated, either by the system board RESET signal or 
by the setting of the HRST bit. This reset is described in Section 4.3.1. 
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The SCSI Reset condition may be invoked by the AHA-154XA as part of the recovery mechanism 
for a bus phase error. Bus phase errors may include detection of an invalid information transfer 
phase or detection of an impossible phase sequence (Command Phase after a Data Phase in the 
Same Command). In this case, the normal SCSI Reset operations will be performed and the SCSI 
Reset signal will be asserted on the SCSI bus. In addition, the SCRD bit (Interrupt Flag Port bit 3) 
will be set to indicate to the host computer that a SCSI Reset condition occurred. The setting of the 
SCRD bit also causes the Any Interrupt bit (Interrupt Flag Port bit 7) and the appropriate interrupt 
signal to be presented. 


The SCSI Reset condition may be invoked by another SCSI device attached to the AHA-154XA as 
part of the other device's recovery mechanism or initialization procedure. In this case, the normal 
SCSI Reset operations will be performed. In addition, the SCRD bit (Interrupt Flag Port bit 3) 
will be set to indicate to the host computer that a SCSI Reset condition occurred. The setting of the 
SCRD bit also causes the Any Interrupt bit (Interrupt Flag Port bit 7) and the appropriate ISA 
interrupt signal to be presented. 


4.3.2.1 SCSI "Soft" Reset Option 


The SCSI standard indicates two optional methods of handling the normal SCSI Reset operations. 
The AHA-154XA implements the "Soft" Reset Option, described in section 5.2.2.2 of the SCSI 
specification. The "Soft" Reset Option is designed to allow a SCSI Reset signal to correctly clear 
the SCSI bus, but to allow ongoing system operations to continue without any major interruptions. 
When the SCSI Reset occurs, any activity on the SCSI bus is immediately halted and all bus lines 
are cleared from the bus. After the Reset condition ends, any operations in progress are again 
allowed to start up in the normal manner. No status or pointer information is destroyed. All 
disconnected commands are allowed to reselect and continue in the normal manner. This "Soft" 
Reset function allows a multiple initiator system to use reset to clear certain types of bus failures 
without damaging ongoing tasks from any initiator. 


The SCSI "Soft" Reset option is useful in multitasking systems that cannot tolerate the overhead of 
a complex reconfiguration and reinitialization after a normal reset operation. For the SCSI "Soft" 
Reset option to operate correctly, all SCSI devices that communicate on the SCSI bus must support 
the "Soft" Reset option. If any SCSI devices support the "Hard" Reset option, it is likely that 
operations will be terminated without warning and the system will have to time out and monitor the 
requirement to restart some activities. 
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4.3.2.2 SCSI "Hard" Reset Option 


The "Hard" Reset Option is designed to restore all attached SCSI devices, including both hosts and 
peripheral devices, to their power on reset state. All system activities that have not been recorded 
on a non-volatile memory device or through another SCSI path are completely lost and must be 
restarted. The system must be completely re-initialized. For certain types of systems that frequently 
do back-up or check point their transactions, that re-initialize quickly and easily, or that 
infrequently do resets, the "Hard" Reset Option is appropriate. The AHA-154XA responds to a 
SCSI Reset Condition by executing only the "Soft" Reset Option, but it notifies the host whenever 
a SCSI Reset condition has been established by causing an interrupt to the host. The host then has 
the option of converting the "Soft" Reset to a "Hard" Reset by forcing the host adapter to clear all 
the ongoing operations and return to its initial state. The host requests this by raising the SRST bit 
(bit 6 of the Host Adapter Control] Port). The host must raise the SRST bit within 300 
microseconds to disable the restarting of operations according to the rules of "Soft" Reset. The 
raising of the SRST bit causes the host adapter to abandon all CCB's and prepare itself to begin 
accepting new instructions from the host. No secondary SCSI Reset signals are activated. The 
Mailbox initialization and all normal SCSI initial conditions are reset by the SRST bit, so that 
reinitialization is required to restart the system. Of course the system still has the night at any time 
that the IDLE bit (bit 4 of the Host Adapter Status Port) is on to execute any of the Adapter 
Commands and modify the Mailbox Address or the SCSI inital conditions. 


If the host requires that the SCSI be reset according to the SCSI "Hard" Reset option, the host 
raises the HRST bit. The host adapter will then set a SCSI Reset Condition on the SCSI Bus and 
clear all its CCB and status information, thus performing a SCSI "Hard" Reset with a single load 
to the Host Adapter Control Port. Reinitialization willbe required. 
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5.1 HOST ADAPTER COMMAND OVERVIEW 


The AHA-1540A/1542A supports two types of commands: SCSI and Adapter Commands. SCSI 
commands are issued using the mail box protocol and a Command Control Block. When SCSI 
commands are used, the AHA-1540A/1542A is operating in true multithreading mode. In this 
mode of operation, the AHA-1540A/1542A is capable of executing multiple commands for 
multiple targets concurrently. The AHA-1540A/1542A maximizes the I/O transaction throughput 
by managing SCSI disconnection and reconnection. 


Adapter Commands are issued by writing to the Command / Data Out port. Most Adapter 
commands can not be issued when there are outstanding SCSI commands. Adapter commands are 
used to initialize the host adapter and to establish control conditions within the host adapter. 
Adapter commands are also used to transmit the special parameters for communication between the 
BIOS and the host adapter for the execution interrupt 13 operations. — 


5.1.1 Adapter Command Operation Codes 
Below is a list of the Adapter Command operation codes. 


00 -- No Operation 

01 -- Mailbox Initialization 

Q2 -- Start SCSI Command * 

03 -- Start PC/AT BIOS Command 

04 -- Adapter Inquiry 

OS -- Enable Mailbox Out Available Interrupt* 
06 -- Set Selection Time-out 

07 -- Set Bus-On Time 

O8 -- Set Bus-Off Time 

09 -- Set Transfer Speed 

OA -- Returm Installed Devices 

OB -- Return Configuration Data 

OC -- Enable Target Mode+ 

OD -- Return Setup Data*t 

1A -- Write Adapter Channel 2 Buffer+ 
1B -- Read Adapter Channel 2 Buffert 
1C -- Wnite Adapter FIFO Buffer 

1D -- Read Adapter FIFO Buffer 

1F -- ECHO Command Data 


*Note: This command can be issued when the host adapter is executing a SCSI command. 
+ These commands are not supported by the AHA-1540. 
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All Adapter Commands except Start SCSI (02) and Enable Mailbox-Out Available Interrupt (05) 
must be executed only when the IDLE bit (Status bit 4) is one. Many commands require additional 
parameter bytes which are then written to the Command / Data Out I/O port (base + 1). Before each 
byte is written by the host to the host adapter, the host must verify that the CDF bit (Status bit 3) is 
zero, indicating that the command port is ready for another byte of information. The host adapter 
usually clears the Command / Data Out Port within 100 microseconds. Some commands require 
information bytes to be returned from the host adapter to the host. In this case, the host monitors 
the DF bit (Status bit 2) to determine when the host adapter has placed a byte in the Data In I/O port 
for the host to read. The DF bit is reset automatically when the host reads the byte. The format of 
each Adapter Command is strictly defined, so the host adapter and host system can always agree 
upon the correct number of parameter bytes to be transferred during a command. 


All Adapter Commands except Return Installed devices, Start SCSI, and Start PC/AT BIOS 
typically require less than 200us to complete. Return installed devices will typically complete in 
less than 3 seconds. Start SCSI and Start PC/AT commands completion times will vary with the 
SCSI device and the command issued. 


5.1.1.1 No Operation (Operation Code 00) 

No host adapter action 1s taken, but HACC 1s set indicating command completion. No additional 
information bytes are exchanged. 

§.1.1.2 Mailbox Initialization (Operation Code 01) 

This command is used to specify the number of mailbox locations used by the host adapter and to 


specify the base memory location of the mailbox area. The host adapter requires that four bytes of 
outbound data follow the command byte. The definition of those four bytes 1s shown below. 


00 Mailbox count (>0) 
01 Mailbox address (MSB) 
02 Mailbox address 
03 Mailbox address (LSB) 
Byte 0 Mailbox Count: The Mailbox count must be greater than zero. 


Byte 1,2,3 Mailbox Address: The Mailbox address specifies the location of the first 
byte of the Mailbox area. Byte 1 is the most 
significant byte. 


When the Mailbox Initialization command and parameters are received, the host adapter will then 
assume that the specified number of Mailbox Out entries and the same number of Mailbox In 
entries will be assigned beginning at the Mailbox address. The total number of bytes reserved for 
the Mailbox area will be eight times the Mailbox count. If the Mailbox Count is zero, the 
INVDCMD bit will be set with HACC to indicate that the parameter 1s invalid. 


At command completion, HACC will be set to one and INIT will be reset to zero. HACC will be 
reset as specified by section 4.2.3. 
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§.1.1.3 Start SCSI Command (Operation Code 02) 


This command indicates that the host has made at least one Mailbox Out entry and that the host 
‘adapter should begin to scan for active MBO entries. Once scanning has been started, it continues 
until all MBO entries have been serviced, either by beginning the requested operations or by 
queueing the activities for later execution. Since it is not easy for the host to determine that 
scanning is still taking place, the host should normally issue this command every time a Mailbox 
Out is filled. This command does not require additional data bytes. To avoid unnecessary 
interrupts, HACC is NOT set after command completion. HACC will be set with INVDCMD if the 
mailbox was not yet initialized. 


5.1.1.4 Start PC/AT BIOS Command (Operation Code 03) 

This command is used by the Adaptec BIOS to communicate with the host adapter firmware. The 
command is not available for use by programs other than the Adaptec BIOS. 

5.1.1.5 Adapter Inquiry (Operation Code 04) 

After receiving this command, the host adapter returns four bytes of data describing the host 
adapter firmware revision level. After completing the transfer of the four bytes of inbound data, the 


HACC interrupt is set indicating normal command completion. The bytes contain the following 
information: 


00 Board Identification 
01 Special Options Identification 
Q2 Hardware Revision Level 
03 Firmware Revision (ASCII) 
Byte 0 Board ID: The value in this byte allows software supported on 


both the PC/AT and on the Microchannel™ to 
distinguish the type of supporting host adapter. 


Value Meaning 


OOH 

30H ('0' ASCII) 
41H (A' ASCII) 
42H (B' ASCID) 


Board is an AHA-1540 with 16 Head BIOS 
Board is an AHA-1540 with 64 Head BIOS 
Board is an AHA-1540A/1542A, 64 Head BIOS 
Board is an AHA-1640, 64 Head BIOS 


All Others Reserved 
Byte 1 Special Options ID: The value in this byte indicates what special options 
are supported on the AHA-154XA host adapter. 
Other host adapters use other values in this byte. 
Value Meaning 


AHA-1540A/1542A 


41H (A’ ASCII) 
All Others 


Board is standard model 
Reserved 
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Byte 2 Firmware Revision: This value indicates an ASCII value from 0-9,A-Z 
that indicates the firmware revision installed in the 
AHA-154XA. | 


Byte 3 Firmware Revision: This value indicates an ASCII value from 0-9,A-Z 
that indicates the firmware revision installed in the 
AHA-154XA. 


After completing this command, HACC will be asserted, indicating normal completion. 


§.1.1.6 Enable Mailbox-Out Available Interrupt (Operation Code 05) 


The Enable Mailbox Out ‘Available Interrupt command specifies that a Mailbox Out Available 
Interrupt should be generated whenever a Mailbox Out entry has been cleared by the host adapter. 
One byte of outbound data is transmitted to indicate whether the interrupt should be enabled or 
disabled. 


ByteQ Enable/Disable Parameter: The Enable/Disable parameter byte must be either 
OOH or 01H. If the Enable/Disable parameter byte is 
OOH, the Mailbox Out Available interrupt is not 
returned. If the Enable/Disable parameter byte is 
01H, the Mailbox Out Available interrupt is returned 
as soon as a Mailbox Out has been cleared by the 
host adapter. 


After completing this command, HACC will NOT be asserted to avoid generating additional 
interrupts. If the data byte is neither 00 nor 01, INVDCMD will be asserted indicating an invalid 
command. In this case, HACC will also be asserted. 


The Mailbox Out Available interrupt is normally intended to be used by the host-as an indicator that 
a Mailbox Out entry is available. This function should only be enabled if all Mailbox Out entries 
have been found full by the host. It should be disabled soon afterward. If used in other ways, the 
interrupt may generate a large number of relatively useless interrupt handling activities. 


5.1.1.7 Set Selection Time-out (Operation Code 06) 


This command sets the SCSI selection time out value. The SCSI Selection time out value is used to 
determine whether or not a SCSI selection was successful. If the SCSI BSY signal is not returned 
within the specified time out value, the selection will be terminated and an appropriate error 
message posted with the returned CCB. This command expects four outbound data bytes to be 
provided as defined below: 


00 Enable/Disable Selection Time Out 
01 Reserved (00) 

Q2 Time Out Value + (MSB) 

03 Time Out Value (LSB) 
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Byte 0 Enable/Disable Selection Time Out: This parameter byte specifies whether or 
not the Selection Time-out will be used. If the byte is 
set to OOH, no time-out will be performed. If the 
byte is set to 01H, the time specified in bytes 02 and 
03 will be used as the Selection Time Out by the 
SCSI. The default value established by the reset 
process is 01H, indicating the time out 1s enabled. 


Byte 1 Reserved: This byte must be zero. 


Byte 2,3 Time Out Value: This two-byte value specifies the time in milliseconds 
that will be used for the Selection Time Out. The 
default value is 250 milliseconds. 


After completing this command, HACC will be asserted, indicating normal completion. 
INVDCMD will be asserted if the data byte 0 is neither 00 nor 01 or if byte 1 1s not zero, indicating 
an invalid command. 


5.1.1.8 Set Bus-On Time (Operation Code 07) 


This command specifies the time that the host adapter spends on the bus when transferring data. 
The Bus-On duration is adjustable from 2 to 15 microseconds. The default setting is llus. One 
data byte is passed out to the host adapter to indicate the Bus-On duration in microseconds. 


Data Byte 0 -- Bus On-Time (2 to 15 us) _ 


After completing this command, HACC will be asserted indicating normal completion. INVDCMD 
will be asserted, indicating an invalid command, if the data byte 1s greater than 15. The valid range 
is 2 to 15 decimal. 


5.1.1.9 Set Bus-Off Time (Operation Code 08) 


This command sets the time that the host adapter will spend off the bus during a data transfer. The 
Bus-On duration 1s adjustable from 1 to 64 microseconds. The default setting 1s 4us. After 
receiving this command, the host adapter expects one byte of data which specifies the bus off me 
in microseconds. 


Data Byte O -- Bus-Off Time (1 to 64 us) 


After completing this command, HACC will be asserted indicating normal completion. INVDCMD 
will be asserted, indicating an invalid command, if the data byte 1s greater than 64. The valid range 
is 1 to 64 decimal. The actual time implemented by the host adapter 1s rounded down to the next 
four microsecond step at or below the specified value. The minimum value is approximately one 
microsecond. 
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5.1.1.10 Set Transfer Speed (Operation Code 09) 


This command adjusts the Bus Master DMA circuitry to a specified maximum AT bus transfer 
speed to and from the host memory. Several speeds may be selected by setting the-jumper 
configuration as explained in section 3.3. The selected jumper speeds are overridden if the Set 
Transfer Speed command is executed. The single data byte transmitted after the command byte 
either sets the read and write speed together, or establishes separate values for each. Appendix A 
gives the timings that result from the selected values. The default setting is the value set by the 
jumpers. The I/O Channel Ready signal automatically slows the system further if required by the 


host memory. 


Data ByteO -- AT Bus Transfer Speed 


00 -- 5.0 MB/second 
01 -- 6.7 MB/second 
Q2 -- 8.0 MB/second 
Q3 -- 10 MB/second 
04-- 5.7 MB/second 
80-FF -- See Table 


Custom Transfer Speed | 
pity 1 S| CS 










Read pulse width (ns) 
100 





150 
200 
250 
300 
350 
400 


bit 3 0 Strobe off time 
1 Strobe off time 













100ns 
150ns 


After completing this command HACC 1s set indicating normal completion. 
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§.1.1.11 Return Installed Devices (Operation Code 0A) 


This command returns information about which SCSI Targets and Logical Units (LU's) are 
installed on the SCSI bus. The host adapter issues the SCSI Test Unit Ready command to each 
target/LUN combination and reports the results using eight bytes of data returned through the Data 
In Register. A bit having a value of one indicates that the associated LU is installed. Each byte is 
associated with the corresponding target. Each bit within a target byte 1s associated with a 
particular Logical Unit, bit 7 indicating the presence of LU 7 and so forth. The state of the target is 
analyzed using the SCSI TEST UNIT READY command, analyzing the returned data to determine 
if the addressed LU is available. 


After receiving this command, the host adapter returns eight bytes of information which specify the 
installed configuration as shown below: 


Byte 0 Target 0 Configuration: 
Bit 7 LU 7 Installed 
Bit 6 LU 6 Installed 
Bit 5 LU 5 Installed 
Bit 4 LU 4 Installed 
Bit 3 LU 3 Installed 
Bit 2 LU 2 Installed 
Bit 1 LU 1 Installed 
Bit 0 LU 0 Installed 

Byte 1 Target 1 Configuration 

Byte 2 Target 2 Configuration 

Byte 3 Target 3 Configuration 

Byte 4 Target 4 Configuration 

Byte 5 Target 5 Configuration 

Byte 6 Target 6 Configuration 

Byte 7 Target 7 Configuration 


The byte associated with the SCSI Device Identifier of the host adapter will always be zero. After 
completing the information transfer, the HACC bit will be set to indicate normal completion. 
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5.1.1.12 Return Configuration Data (Operation Code 0B) 


The DMA arbitration priority, the Interrupt channel, and the SCSI ID of the adapter are returned by 
this command. The three bytes of information are returned in the following format: 


Byte 0 DMA Arbitration Priority: 
Bit 7 Channel 7 
Bit 6 Channel 6 
Bit 5 Channel 5 
Bits 4-1 Reserved (0) 
Bit 0 Channel 0 
Byte 1 Interrupt Channel: 
Bit 7 Reserved (0) 
Bit 6 Interrupt channel 15 
Bit 5 Interrupt channel 14 
Bit 4 Reserved (0) 
Bit 3 Interrupt channel 12 
Bit 2 Interrupt channel 11 
Bit 1 Interrupt channel 10 
Bit 0 Interrupt channel 9 
Byte 2 SCSI Identifier 
Bits 7-3 Reserved (0) 
Bits 2-0 Binary value of SCSI Identifier 


After completing this command, HACC will be set indicating normal completion. 


§.1.1.13 Enable Target Mode Command (Operation Code 0C) 


~~ A special host adapter command (OC) enables and disables target mode. The host adapter requires 
that two bytes of outbound information follow the command byte. The information bytes contain 


the following information: 


Byte 0 Enable/Disable Target Mode: This parameter specifies which operating modes the 


Byte 1 Logical Unit Mask: 


AHA-1540A/1542A 


host adapter will use. If the byte is set to OOH, the 
AHA-1540A/1542A will operate only in Initiator 
Mode. If the byte is set to 01H, the host adapter will 
operate both as an initiator and as a Processor type 
Target SCSI Device. Any other value is invalid. The 
default value after a Hard Reset, Soft Reset, or 
Power On Reset is OOH (Initiator only). 


This parameter byte contains an eight bit bit- 
significant mask indicating the Logical Units which 
will respond in Target Mode. Bit 7 corresponds to 
LU 7, and so forth. If the bit is one, the 
corresponding LU will be treated as installed. If the 
bit 1s zero, the LU will be treated as not installed. 


5-8 adaptec 


Section Five Firmware Functional Description 


If the AHA-1540A/1542A does not have the Target Mode feature installed, the host adapter will 
indicate an invalid host adapter command. If an attempt is made to change from target mode while 
there are still target mode CCB's being processed by the host adapter, the host adapter will post an 
invalid host adapter command indication. 


If the command disables Target Mode, the Logical Unit Mask byte will be 1gnored. If the command 
enables Target Mode, the Logical Unit Mask byte must contain at least one bit, indicating the 
presence of at least one Logical Unit. 


The SCSI INQUIRY command will provide an indication to other initiators that the Logical Unit is 
installed or not installed in byte 1 of the returned inquiry data. 


If target mode is not enabled, the host adapter will behave on the SCSI interface as if it were an 
ordinary SCSI initiator. Any attempt to select the host adapter will result in a SCSI selection time 
out. Most Reset Operation, including Soft Reset, Hard Reset, and Power-On Reset will return the 
AHA-1540A/1542A Target Mode to the disabled state. SCSI Resets, generated either by the host 
or by other SCSI Devices, will not change the previously established enabled or disabled state of 
Target Mode. | 


§.1.1.14 Return Setup Data (Operation Code 0D) 


This command returns information describing the setup of the host adapter. The information 
returned reflects either the values supplied by previous host adapter commands or default values. 
The command is followed by an outbound data transfer and an inbound data transfer. The 
outbound transfer is a one byte parameter indicating the length of the required inbound data 
transfer. The inbound data transfer contains from zero to 255 bytes of information describing the 
setup of the host adapter. The inbound information normally transferred will be truncated or 
padded with zeros as necessary to transfer the requested number of bytes. The number of bytes 
normally transferred by the AHA-154XA is 16. 


Outbound Data Byte: 
Byte 0 Data In Length: The number of data bytes requested can be from 0 to 
255. A value of zero will be accepted and 256 bytes 
will be returned. 
Inbound Data Summary: 
00 SDT and Parity Status 
01 Transfer Speed 
02 Bus On Time 
03 Bus Off Time 
04 Number of Mailboxes 
05 Mailbox Address (MSB) 
06 Mailbox Address 
07 Mailbox Address (LSB) 


08-0OF Synchronous Transfer Agreements 
10-FF Reserved (00) — 


AHA-1540A/1542A +9 adaptec 


Section Five 


Inbound Data Bit Assignments: 


Byte 0 


Byte 1 


Byte 2 


Byte 3 
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SDT and Parity Status: 


Bit 
0 


2-7 


Transfer Speed 


Bus On Time: 


Bus Off Time: 


Meaning 


If this bit is zero, Synchronous Data Transfer 
negotiation will not be initiated by the host adapter, 
but will be responded to if requested by an attached 
SCSI Device. If the bit is one, Synchronous Data 
Transfer negotiation will be initiated by the host 
adapter under those conditions which require such 
negotiation. The state is set from jumper J1. 


If this bit is zero, parity checking on inbound SCSI 
transfers has been disabled. If this bit is one, parity 
checking on inbound SCSI transfers is enabled. The 
State is set from jumper J1. 


Reserved (0) 

This byte returns the value passed in to the host 
adapter by the Set Transfer Speed command (See 
Section 5.1.1.10) 


Indicates the Bus On Time in microseconds (See 
Section 5.1.1.8) 


Indicates the Bus Off Time specified by the Bus Off 
Time Value in microseconds. (See Section 5.1.1.9) 
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Byte 4 Number of Mailboxes: |The number of Mailboxes established by a 
previous Mailbox Initialization command will be 
returned in this byte. This number will be OOH if the 
Mailbox Initialization command has not yet been 
successfully completed. 


Byte 5-7 Mailbox Address: The base address of the Mailbox area established by 
a previous Mailbox Initialization command will be 
returned in these bytes. The Most Significant byte is 
byte 5. These bytes have no meaning if Mailbox 
Initialization has not yet been successfully 
completed. 


Byte 8 Sync Neg, Target 0 Returns information about the synchronous 
negotiation with Target 0. The byte will be OOH for 
the address of the host adapter. 


Bit 7 Set to one if synchronous transfer is negotiated. Set 
to zero if asynchronous transfer is being performed. 


Bits 6-4 These bits contain a value between O and 7 that 
defines the synchronous transfer period according to 
the following equation. 

Period = 200 + 50 (value) nanoseconds 


Bits 3-0 These bits contain the negotiated offset value. The 
value will normally be between 1 and 7. 
Byte 9 Sync Neg, Target 1 Same as byte 8, for target 1 
Byte 10 Sync Neg, Target 2 Sameas byte 8, for target 2 
Byte 11 Sync Neg, Target 3 Same as byte 8, for target 3 
Byte 12 Sync Neg, Target 4 Same as byte 8, for target 4 
Byte 13 Sync Neg, Target5 Same as byte 8, for target 5 
Byte 14 Sync Neg, Target6 Same as byte 8, for target 6 
Byte 15 Sync Neg, Target 7 Same as byte 8, for target 7 


If the command completes normally, the HACC interrupt will be set to one. If the Mailbox area has 
not been properly initialized, all 16 bytes are still requested by the host. If byte 4, the Number of 
Mailboxes, is zero, bytes 5-7 must be ignored. 


§.1.1.15 Write Adapter Channel 2 Buffer (Operation Code 1A) 


After receiving this command, the host adapter expects three outbound information bytes to be 
transferred which point to an area of 64 bytes in system RAM. The area pointed to will be 
transferred to the host adapter's Channel 2 Buffer using the host adapter's DMA circuitry. After 
completing the transfer of the 64 bytes from the indicated buffer area to the host adapter, the 
HACC interrupt will be set indicating normal completion. This command is used in conjunction 
with the Read Channel 2 Buffer command for host adapter diagnostics. The Channel 2 Buffer is 
used for transmission of all information except the actual data field between the host adapter and 
the host system. 


Byte 0 Buffer area address, Most significant byte 
Byte 1 Buffer area address 
Byte 2 Buffer area address, Least significant byte 
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5.1.1.16 Read Adapter Channel 2 Buffer (Operation Code 1B) 


After receiving this command, the host adapter expects three outbound information bytes to be 
transferred which point to an area of 64 bytes in system RAM. The area pointed to will be used as 
a buffer to receive 64 bytes of information transferred from the host adapter’s Channel 2 Buffer to 
the host's memory using the host adapter's DMA circuitry. After completing the transfer of the 64 
bytes from the Channel 2 Buffer to the indicated host memory area, the HACC interrupt will be set 
indicating normal completion. This command 1s used in conjunction with the Write Channel 2 
Buffer command for host adapter diagnostics. 


Byte Q Buffer area address, Most significant byte 
Byte 1 Buffer area address 
Byte 2 Buffer area address, Least significant byte 


§.1.1.17 Write Adapter FIFO Buffer (Operation Code IC) 


After receiving this command, the host adapter expects three outbound information bytes to be 
transferred which point to an area of 54 bytes in system RAM. The area pointed to will be 
transferred to the host adapter’s FIFO buffer using the host adapter's DMA circuitry. After 
completing the transfer of the 54 bytes from the indicated buffer area to the host adapter, the 
HACC interrupt will be set indicating normal completion. This command is used in conjunction 
with the Read Adapter FIFO Buffer command for host adapter diagnostics. 


Byte OQ Buffer area address, Most significant byte 
Byte 1 Buffer area address 
Byte 2 Buffer area address, Least significant byte 


§.1.1.18 Read Adapter FIFO Buffer (Operation Code 1D) 


After receiving this command, the host adapter expects three outbound information bytes to be 
transferred which point to an area of 54 bytes in system RAM. The area pointed to will be used as 
a buffer to receive 54 bytes of information transferred from the host adapter's FIFO to the host's 
memory using the host adapter's DMA circuitry. After completing the transfer of the 54 bytes from 
the FIFO to the indicated buffer area, the HACC interrupt will be set indicating normal completion. 
This command is used in conjunction with the Write Adapter FIFO Buffer command for host 
adapter diagnostics. | 


ByteQ Buffer area address, Most significant byte 


Byte 1 Buffer area address 
Byte 2 Buffer area address, Least significant byte 
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§.1.1.19 ECHO Command Data (Operation Code IF) 


This command is used to test the Command / Data Out Port, the Data In Port, and the associated 
control bits in the other I/O Ports. After receiving this command, the host adapter expects one byte 
of outbound information to be transferred through the Command / Data Out Port. The host adapter 
then sends (Echos) the same data value back to the host through the Data In Port. After the host has 
read the data value provided on the Data In Port, the host adapter will generate the HACC interrupt 
to indicate normal command completion. 


Byte 0, Out Outbound Echo Value 
Byte 0, In Returned Echo Value 


5.2 MAILBOX OVERVIEW 


The AHA-1540A/1542A uses a mailbox architecture for task communication between the host and 
the host adapter when executing SCSI commands. This allows the host adapter to perform 
multithreaded operations with a minimum of host intervention. The mailboxes are located in main 
system memory. Each mailbox entry is four bytes long. At power up, the host issues an 
Initialization command to inform the host of the mailbox location. There are always an equal 
number of Outgoing Mailboxes (MBO) and Incoming Mailboxes (MBI). The MBIs are located 
immediately after the MBOs. Initiator operations and target operations use the same mailboxes. 
Both initiator and target operations may be in process at the same time. A typical mailbox structure 
is shown below. 










Base Adr 
0 MBO 0 
+4 MBO 
-s{ 00 | Free entry ———~«tY MBO 2 
+12 MBO 3 





In this example, there are four MBOs and four MBIs. The Mailbox Count in the Mailbox 
Initialization command was set to four. The base address is the address specified by the Mailbox 
Address field. 


Note: The Adaptec BIOS initializes the AT DMA controller to accommodate Bus Master DMA. If 


the host adapter BIOS is removed or disabled, the host DMA controller must be initialized, via 
software, for Bus Master DMA operation. See section 55. 
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§.2.1 Mailbox Out Definition 


The first byte of each MBO contains the Mailbox status byte. The remaining three bytes contain an 
address pointer to the first byte of a Command Control Block (CCB). The CCB provides 
additional task control information. A MBO 1s free if the first byte is zero. The host can make an 
entry in any free MBO and indicate that it is filled out or completed by placing the proper MBO 
command in the first byte of the MBO. After the MBO has been examined by the host adapter and 
all relevant information obtained by the host adapter, the host adapter sets the MBO command byte 
back to zero to allow the host to fill it again. For a multitasking operating system, it is desirable that 
the number of mailboxes be sufficient to allow at least one mailbox for each active independent task 
or activity. 


The MBO format is described in detail below: 


Byte 0 MBO Command This byte specifies the state of the MBO entry. 
Value Definition 
OOH Mailbox Out is free 
01H SCSI or Host Adapter command is to be started. 
CCB pointer indicates location of CCB to be 
processed. 
02H SCSI or Host Adapter command is to be aborted. 
CCB pointer indicates location of CCB to be 
terminated. 
Byte 1 CCB Pointer (MSB) 
Byte 2 CCB Pointer 
Byte 3 CCB Pointer (LSB) 


The use of Mailbox Out (MBO) entries to pass pointers to CCB's is identical for target and initiator 
modes. The appropriate target mode CCB may be prepared early and posted to the host adapter in 
preparation for an operation that is expected to happen. If a SCSI operation occurs before the CCB 
is prepared, the host adapter processes as much of the transaction as possible, then requests a CCB 
from the host through the MBI. The host is fully responsible for preparing the correct CCB from 
the information provided through the MBI. 


In target mode, one CCB may be presented for each unique combination of LUN, Initiator, and 
direction. If a second CCB to the same LUN and initiator with the same direction bit is sent to the 
AHA-1540A/1542A, the CCB will be returned with a host status of 19H, Duplicate CCB 
Received. 


Initiator type CCB's may be queued for an LUN and Target. The host adapter will always search 
for new MBO entmes in a round-robin order, beginning with the entry after the last MBO entry that 
was processed. By always placing the MBO entries in the MBO area consecutively, the host can 
assure that the SCSI commands will be started with a minimum scan overhead. Initiator CCB 
queueing must be used with caution, since under some circumstances it is possible for CCB's to be 
executed out of order. 
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If the Mailbox Out Available Interrupt is enabled by execution of Adapter Command 05 (Enable 
Mailbox Out Available Interrupt), the host adapter will take one of the following actions after each 
MBO entry is freed by the host adapter: 


1) Ifthe Any Interrupt bit in the Interrupt Flag Port is zero, indicating that there are no interrupts 
pending, the host adapter will set the Mailbox Out Available Interrupt and the Any Interrupt bit 
and indicate a hardware interrupt to the host. 


2) If the Mailbox Out Available Interrupt has been set to one by the previous clearing of a Mailbox 
Out entry and the interrupt has not yet been cleared by the host, the host adapter will not change 
the MBOA interrupt bit and will continue to scan for other stored MBO entries. 


3) If interrupts other than the Mailbox Out Available Interrupt are pending, the host adapter will 
wait for the pending interrupts to be cleared before setting the Mailbox Out Available Interrupt. 
This guarantees that the MBO Available Interrupt will not be cleared accidentally by clearing 
another interrupt. 


§.2.2 Mailbox In Definition 


The Mailbox In entries are used to pass completion information concerning a task from the host 
adapter to the host. In addition, requests for Target Mode CCB's are passed to the host using MBI 
entries. The first byte of each MBI contains the MBI Status byte, summarizing the type of 
information being passed from the host adapter to the host. The remaining three bytes contain 
specialized information that provides more detail about the information. In the case of a CCB 
Completed MBI, the bytes contain a pointer to the completed CCB. In the case of a CCB Required 
MBI, the bytes contain the information necessary for the host to prepare an appropriate CCB. Only 
those MBI's with a MBI Status that is non-zero have information for the host. When the host 
returns the MBI Status byte to zero, the MBI Free state, the host adapter is allowed to place a new 
set of information in the MBI entry. 


When a SCSI command completes or if a new CCB is required, the host adapter scans the first 
byte of an MBI entry to find a free mailbox. If one is found, the host adapter will update the MBI's 
Status byte with a non zero value and update the following bytes with the appropnate required 
pointers or parameters. The valid MBI formats are defined below: 
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Byte 1 
Byte 2 
Byte 3 
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Mailbox In Format for CCB Complete 


MBI Status 
Value 

OOH 

01H 


02H 


03H 


04H 


‘CCB Pointer (MSB) 


CCB Pointer 
CCB Pointer (LSB) 


This byte specifies the state of the MBI entry. 
Definition 
Mailbox In is free 


CCB completed without error. CCB pointer indicates 
location of successfully completed CCB. 


CCB aborted by host. CCB pointer indicates location 
of CCB that was aborted. 


Aborted CCB not found. CCB pointer indicates the 
supposed location of the CCB that was to have been 
aborted. It is likely that the CCB was already 
presented to the host before the Abort CCB MBO 
entry was completed. 


CCB Completed with Error. The CCB fields indicate 
the details of the error condition. This code allows 
normal CCB completion to be processed without 


bothering to examine the completion codes in the 
CCB. — 
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Mailbox In Format for CCB Required 


Byte 0 MBI Status This byte specifies the state of the MBI entry. 
Value Definition 
10H SCSI Target Command received with no CCB 


available. The host must prepare an appropriate CCB 
and place it in the MBO to complete the SCSI 
command. The remaining three bytes of the MBI 
specify the information necessary to prepare a SCSI 


command. 
Byte 1 Initiator and LUN 
Bit 7-5 Binary address of initiator that selected the host 
adapter in Target Mode. 
Bit 4 The SCSI Target Command received was a 


RECEIVE command. A CCB must be prepared to 
transmit data to the Ininator. 

Bit 3 The SCSI Target Command received was a SEND 
command. A CCB must be prepared to transmit data 
from the Initiator. 

Bits 2-0 Binary address of the logical unit of the Target Mode 
host adapter that was addressed by the Initator. 


Byte 2-3 Data Length The high order two bytes of the data length specified 
in the SEND or the RECEIVE command. A CCB 
must be prepared to transmit this amount of data plus 
up to 256 more bytes. It is assumed that the data 
fields are self-defining or of a known length in such 
protocols. 


The CCB Required Mailbox In entries are only generated when a command has been received by 
the host adapter in target mode. For the CCB Required Mailbox In entries, byte 0 takes on a 
distinctive value of 10H, indicating both that the MBI entry is filled and that the MBI entry is being 
presented to request a CCB appropriate to service a SCSI transaction for which no CCB was 
available. The host adapter will have disconnected on the SCSI after receiving the initiator and LU 
addresses and after having received either a SCSI SEND or a RECEIVE command. If the LU 
address is enabled by the Logical Unit Mask, the MBI will provide the addresses in bits 7-5 and 
bits 2-0 and will indicate by setting either bit 3 or bit 4 that a SCS] SEND or RECEIVE command 
was accepted from the initiator. The host system is then expected to prepare a CCB suitable for 
processing the Send or Receive command. The information in bytes 2 and 3 is a copy of bytes 2 
and 3 of the Send or Receive command CDB. This provides the host an approximation of the 
length of the requested data transfer. This length is used by the host to allocate the correct amount 
of buffer to accept data in a SEND command or to contro! the maximum amount of data that can be 
transferred in a RECEIVE command. If the LU address received is disabled, no MBI will be 
presented and a check condition will be posted to the Initiator. A subsequent REQUEST SENSE 
command will recover an Invalid LUN error indication. 
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After each Mailbox In entry is stored by the host adapter, it will indicate that Mailbox In scanning 
must be performed in the following manner: 


1) If the Any Interrupt bit is not set to one in the Interrupt Flag port, indicating that no interrupts 
are pending, the host adapter will set the Mailbox In Full interrupt bit, the Any Interrupt bit, 
and raise the hardware interrupt line to indicate that there 1s at least one Mailbox In entry to be 
examined by the host system. 


2) If the Mailbox In Full interrupt bit has already been set to indicate that an entry was made in the 
Mailbox In area and if that interrupt has not yet been cleared by the host, no further notification 
is provided by the host adapter. 


3) If interrupts other than the Mailbox In Full interrupt are pending, the host adapter will wait for 
all pending interrupts to be cleared before setting the Mailbox In Full interrupt. 


Note that careful host Target Mode software design is necessary to prevent ambiguity in the 
notification process. If a CCB was just prepared but the MBO has not yet been searched by the 
host adapter at the time the MBI entry is made to the host, the host may choose to examine the MBI 
entry and not act on it, having already provided the needed CCB. The host should also examine the 
entire MBI space to be sure that a previously supplied CCB which should have been able to service 
the notification MBI entry was not already used for a previous operation that had been posted by 
the host adapter but not yet serviced by the host. Proper care in host system design will prevent 
these overlapping operations from becoming a problem. 
4 
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5.3 COMMAND BLOCK DEFINITION 


The CCB specifies detailed information about a SCSI command. The format of a CCB is shown 
below. Each of the fields is separately explained following the table. 


COMMAND CONTROL BLOCK FORMAT 


Byte 0 Command Control Block Operation Code 
Value Definition 
OOH SCSI Initiator Command 
01H Target Mode Command 
02H SCSI Initiator Command with Scatter/Gather 
81H Bus Device Reset 

Byte 1 Address and Direction Control 
Bits 7-5 CCB Op Code = 00, 02: SCSI Target Id 

CCB Op Code=01: ~~ SCSI Initiator Id 

Bit 4 Outbound data transfer, length is checked. 
Bit 3 Inbound data transfer, length is checked. 
Bit 2-0 Logical Unit Number 

Byte 2 SCSI Command Length 

Byte 3 Request Sense Allocation Length/Disable Auto Sense 

Byte 4-7 Data Length (Byte 4 most significant) 

Byte 7-9 Data Pointer (Byte 7 most significant) 

Byte 10-12 — Link Pointer (Byte 10 most significant) 

Byte 13 Command Linking Identifier 

Byte 14 Host Adapter Status (HASTAT) 

Byte 15 Target Device Status (TARSTAT) 

Byte 16-17 Reserved (00) 

Byte 18-n SCSI Command Descriptor Block 
(Length specified by byte 2) 

Byte n-m Reserved for REQUEST SENSE information bytes 


AHA-1540A/1542A 
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The standard format of the Command Control Block is shown in the following diagram: 




















Bye 0 
. 
+2 
+3 
+ 
"7 

B+ 


The bytes of the CCB are defined further below: 
Byte 0: Command Control Block Operation Codes 


The AHA-1540A/1542A supports four CCB Operation Codes. The valid command values are 
shown below: 


OO SCSI Initiator Command Control Block 

01 SCSI Target Command Control Block 

Q2 SCSI Initiator Command Control Block with Scatter/Gather 
81 SCSI Bus Device Reset 


If the Operation Code value is OOH, the SCSI command specified in the Command Descriptor 
Block field of the CCB is executed against the addressed Target / LUN. The other fields of the 
CCB support the required Initiator functions of the AHA-1540A/1542A. 


If the Operation Code value is 01H, the CCB is intended to service a SEND or RECEIVE 
command sent to the host adapter as a target from another initiator. The values in the other fields 
are used to service the Target Mode operation. If an Operation Code of 01H is specified to a host 
adapter that has not had its Target Mode enabled, the host adapter returns a Host Status indication 
of 18H, Invalid CCB Parameter. 


If the Operation Code value is 02H, the SCSI command specified in the Command Descriptor 
Block field of the CCB is executed against the addressed Target / LUN. The definition of the Data 


Length and the Data Pointer is modified to support the Scatter/Gather function. Refer to section 
5.2.4. 
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If the value is 81(hex) a Bus Device Reset message will be sent to the addressed target. This 
command forces the host adapter to abort all outstanding tasks against the selected target. All 
remaining CCB Bytes are ignored. The host adapter will generate a Bus Device Reset message out 
to the specified target. 


Any other command value generates a Host Adapter Detected Error (Host Status byte of 16H). 


Byte 1: Address and Control Byte 


This byte identifies the address of the devices that will be serviced and provides information about 
the expected direction of data flow. 


If the CCB is an Initiator CCB, this byte identifies the target SCSI device in bits 7,6, and 5. If the 
CCB is a Target CCB, the byte identifies the initiator which the CCB will serve. 


Bits 4 and 3 are set to determine the direction of data transfer. For an Initiator CCB, if neither bit is 
set, the direction of data transfer will be established by the SCS] command being executed. Fora 
Target CCB, if neither bit 1s set or both bits are set, the CCB will be returned with an indication of 
Invalid CCB Parameters (18H) in the Host Status field, since each Target CCB must be identified 
as to whether it will service a SEND or a RECEIVE command. If both bits are set for an initiator 
CCB, the command must perform no data transfer. If only bit 3 is active, the data transfer will be 
to the host adapter and from the external SCSI device. If the CCB is a target CCB, the data transfer 
will be required to be a Data Out phase, while if the CCB is an initiator CCB, the data transfer will 
be required to be a Data In phase. If only bit 4 is active, the data transfer will be from the host 
adapter and to the external SCSI device. If the CCB is a target CCB, the data transfer must be a 
Data In phase, while if the CCB is an initiator CCB, the data transfer will be a Data Out phase. 


If bits 3 or 4 are set for an Initiator CCB, the data length will be checked. If the amount of data 
transferred exceeds the specified amount, the CCB Host Status field will contain an indication of 
Data Over/Under Run (12H). For a Processor Target mode CCB, the handling of incorrect lengths 
is described in Section 8.2.4. 


If a data underrun/overrun condition occurs for an operation that accesses the drive's media 
(READ/WRITE, EXTENDED READ/WRITE, WRITE AND VERIFY) and the direction bits are 
set to zero, the host adapter will complete the operation without error. However, some or all of the 
data specified by the host may not be transferred. 


CAUTION: THE APPROPRIATE DIRECTION BIT SHOULD BE SET FOR ALL 
OPERATIONS THAT ACCESS THE DRIVE'S MEDIA. 


This enables the host adapter to check the length of the data transfer and if a data underrun/overrun 
condition occurs, the CCB will be returned with an indication of Data Underrun/Overrun (12H) in 
the Host Status field. For operations that do not access the drive's media, the direction bits should 
be set to zero unless transfer length checking is desired. Setting both direction bits to one should be 
used only when no data transfer is expected or suppression of data transfer is desired for READ 
operations. 
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If the CCB is an initiator CCB, bits 2,1, and O define the target Logical Unit which will be 
addressed. If the target accepts an IDENTIFY message out, the value in bits 2,1, and O will be 
provided in the LUN field of the message byte. The LUN field in the SCSI Command Descriptor 
Block (CDB) is expected to be zero. If the target does not accept an IDENTIFY message out, the 
LUN field in the SCSI CDB must contain the correct Logicai Unit address. SCSI devices with 
conformance level 2, including Common Command Set (CCS) disk drives and all SCSI-2 devices 
will always accept the IDENTIFY message out. The few SCSI devices not meeting those 
requirements must be examined on a case by case basis to determine whether the Logical Unit 
Address should be placed in CCB Byte 1 orin the CDB. 


Byte 2: SCSI Command Length 
This byte establishes the length, in bytes, of the SCS] Command Descriptor Block. 
Byte 3: Request Sense Allocation Length 


When a SCSI device terminates an operation with CHECK CONDITION status, it means that the 
device has error or status information as a result of execution of the operation. The SCSI 
specification indicates that a REQUEST SENSE command must be executed before any other 
command is executed in order for the host initiator to be sure of obtaining the error information. 
Since the AHA-154XA host adapter has the capability of queueing commands for execution, the 
host adapter itself must take charge of generating the Request Sense command. The automatic 
generation of Request Sense is inconvenient for some specialized operating systems, so the 
function can be disabled by installation of a jumper in J9 (See section 3.3.11). If the jumper is not 
installed, the function can also be disabled by specifying a value of 01H for the Request Sense 
Allocation Length. 


This byte indicates the length, in bytes, of the area reserved for information that may be obtained 
by a REQUEST SENSE command. A value of OOH indicates that an allocation length of 14 bytes 
is to be used, sufficient to capture the sense key and error code of all normal extended sense type 
devices. A value of 01H requests that no automatic REQUEST SENSE be executed. The values 
from 02H to 07H are reserved. Values from 08H to FFH are valid allocation lengths. The value 1s 
used to notify the host adapter that the specified number of bytes have been reserved at the end of 
the CCB to receive possible Request Sense data bytes. The REQUEST SENSE also uses the 
indicated allocation length as its byte count in the Command Descmnptor Block generated by the host 
adapter. 


If an operation that treats the AHA-1540A/1542A as a Target Mode device fails and presents a 
Check Condition status byte, the Initiator should return a REQUEST SENSE command. The 
AHA-1540A/1542A will return appropriate sense information in response to the command. If the 
command that originally failed was a SEND or a RECEIVE command, the same REQUEST 
SENSE information bytes that will later be sent to the Initiator are also sent to the host when the 
CCB is returned. The sense information is placed in the specified Request Sense Allocation area 
with a length not exceeding the Request Sense Allocation Length. 
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Bytes 4, 5, 6: Data Length 


These bytes determine the length, in bytes, of the data transfer. CCB host adapter error 12(hex) is 
posted if a data over run occurs. 


If the CCB specifies a Scatter/Gather operation, the Data Length field contains the total number of 
bytes in the Data Segment List. 


Bytes 7, 8, 9 : Data Pointer 


These bytes specify the real address of the first byte of the data area to be used during the data 
phase of the SCSI command. 


If the CCB specifies a Scatter/Gather operation, the Data Pointer field contains the pointer to the 
first byte of the Data Segment List. 


Bytes 10, 11, 12: Link Pointer 

These bytes are used when a SCSI command contains a LINK or LINK WITH TAG bit in the 
command. When a Linked command is completed, the host adapter will use the contents of this 
field as a pointer to the next CCB to execute. If the Linked Flag bit is set, an interrupt will be 
generated before the next command 1s started. A completed CCB is always reported back in an 
MBI, but MBIF interrupts are only reported if the linked set of commands is finished or if a Link 
with Flag message 1s presented. There must be enough MBI entries to receive the entire set of 
linked commands. 

Target Mode does not support the linking function. 

Byte 13 : Command Link ID 


This byte is used in conjunction with linked commands. It 1s set by the host to identify commands 
In a command chain. 


Linking 1s not supported in Target Mode. 
Byte 14 : Host Status 


This byte is used to report the host adapter status (HASTAT). 
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HASTAT has the following definitions: 


00 H 
OAH 
OB H 


12 H 


13 H 


14 H 


16H 
17 H 


18 H 
19 H 
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No host adapter detected error 
The CCB was completed normally. 

Linked command complete without error 
The SCSI command completed and linked normally. 

Linked command complete without error, interrupt 
generated. 
The SCSI command completed and linked with a 
LINKED COMMAND COMPLETE WITH FLAG 
message. 

Selection time out 
The initiator selection or target reselection was not 
complete within the Set SCSI Selection Time-out 
period. 

Data over run/Under run 
The target attempted to transfer more data than was 
allocated by the Data Length field or the sum of the 
Scatter / Gather Data Length fields. 

Unexpected bus free | 
The target dropped the SCSI BSY at an unexpected 
time. 

Target bus phase sequence failure 
An invalid bus phase or bus phase sequence was 
requested by the target. The host adapter will 
generate a SCSI Reset Condition, notifying the host 
with a SCRD interrupt. 

MBO command was not 00, 01, or 02 
The first byte of the MBO command was invalid. 
This usually indicates a software failure. 

Invalid CCB Operation Code 
The first byte of the CCB was invalid. This usually 
indicates a software failure. 

Linked CCB does not have the same LUN 
A subsequent CCB of a set of linked CCB's does not 
specify the same logical unit number as the first. 

Invalid Target Direction received from Host 
The direction of a Target Mode CCB was invalid. 

Duplicate CCB Received in Target Mode 
More than once CCB was received to service data 
transfer between the same target LUN and initiator 
SCSI ID in the same direction. 

Invalid CCB or Segment List Parameter 
A segment list with a zero length segment or invalid 
segment list boundaries was received. A CCB 
parameter was invalid. 
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Byte 15: Target Status 


For an initiator CCB, this byte is used to return the SCSI status byte sent to the host adapter from 
the initiator. If a SCSI] command returns with BUSY status, the normal recovery process is to 
execute the command again. The AHA-154XA takes that burden off the host and periodically 
restarts the command automatically until the command completes with a status other than Busy. 


For a target mode CCB, this byte is used to indicate to the host what status the host adapter 
retumed to the initiator. 


Target Status may have the following values in target mode 


00 -- Good Status 
Q2 -- Check Status (See REQUEST SENSE byte area) 
08 -- LUN Busy 


Byte 16: Reserved (must be 0) 
Byte 17: Reserved (must be 0) 
Byte 18: n: SCSI Command Descriptor Block 


This field holds the SCSI Command Descriptor Block (CDB) as described in the SCSI 
specification. The length of this command is described in byte 02. For initiator mode CCB's, the 
CDB provided by the host is transmitted to the target. For target mode CCB's, the CDB provided 
from the initiator is returned to the host in this space. 


Byte 18+n - 18+n+m : Allocated for Sense Data 


If a Check Status condition is detected by the AHA-154XA as it completes an operation on the 
SCSI bus, the host adapter automatically executes a REQUEST SENSE command with the data 
length specified by Request Sense Allocation Length. The actual bytes returned, up to the 
maximum indicated by the Request Sense Allocation Length, are placed in the area Allocated for 
Sense Data. If the Request Sense Allocation Length was 01h, no REQUEST SENSE command is 
executed. 


If a check condition is detected by the AHA-154XA while it is operating in Processor Target 
Mode, the same information that will later be recovered by the initiator that received the Check 
Status is also placed in the area Allocated for Sense Data so that the host processor is also aware of 
the failure. 


5.3.1 SCATTER/GATHER LIST DEFINITION 


Using the normal CCB Operation Codes of 00 and 01 (SCSI Initiator and SCSI Target CCB's), 
the CCB itself contains a pointer to the first byte of a contiguous area of data of a specified length. 
The direction of transfer with respect to the data area and the checking of the length of the data 
transfer to the data area are both managed by the AHA-1540A/1542A according to the requirements 
of the particular mode and control bit set-up. 
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Using the Scatter/gather Operation Code of 02, the CCB instead contains a pointer to a list of data 
segments and an indication of the length of the list of data segments. The data segment list contains 
pointers to the actual location in host memory of the data segments to be transferred as well as a 
precise indication of the length of each data segment. Each data segment list entry contains a three- 
byte pointer to the location of a data segment and three-byte length indicator telling how long that 
particular data segment shall be. The data segment list is arranged in the order 1n which data will be 
gathered or distributed, the first pointer in the list being used first. 


A typical data segment list is shown in the following table. The data segment list describes the 
distribution of 4096 bytes distributed in four separate locations within the memory. The beginning 
of the data segment list is indicated by the data segment list pointer. The length of the data segment 
list (24 bytes) will be contained in the data segment list length field of the CCB. 


3 bytes 3 bytes 


T (msB) (LSB) | (MSB) (LSB) | 


Data Segment List Pointer —&> segment 0L = 1024 Data Segment 0 Pointer 
segment 1 L= 2 Data Segment | Pointer 


segment 2L= 2046 Dato Segment 2 Pointer 


Segment 3L= 1024 Data Segment 3 Pointer 





A data segment list can have from one to sixteen segments. A list with 0 segments or a list with 
more than 16 segments causes an Invalid Segment List error to be posted in the host status field. 


The AHA-154XA has certain constraints in the data segment address boundaries and lengths that 
are allowed. If these boundaries are violated, an Invalid Segment List error will be posted in the 
host status field of the CCB. The simplest way to assure that these boundaries are not violated is to 
require all boundaries between segments to be on even word boundaries. The first segment may 
begin on any boundary and the last segment may end on any boundary. All segments but the first 
and last should have even byte counts. 


The actual boundary limitation is somewhat less restrictive. If the binary values of the starting 
address of a segment, the byte count of that segment, and the starting address of the next segment 
are all exclusive OR’d together, and the result of that exclusive or 1s an even number, the boundary 
between those two segments is valid. Another way to express the limitation is to require that the 
ending boundary of one segment must be the same as the beginning boundary of the next segment. 
If a segment ends on a word boundary, the next segment must begin on a word boundary. 
Similarly, if a segment ends on an odd-byte boundary, the next segment must begin on an odd- 
byte boundary. 


5.4 DESCRIPTION OF OPERATION 


This section describes the interface operations required to invoke the desired SCSI behavior. The 
AHA-1540A/1542A must be properly initialized before any of these operations can be performed. 


After system initialization is done, the I/O Command Port initialization commands must be 


executed. The Mailbox Initialization command must be executed to assign the Mailbox area. The 
Enable Target Mode command may optionally be executed if Target Mode is to be allowed. 
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5.4.1 Execution of Initiator Mode operations 


To begin an Initiator Mode SCSI command, the host first allocates a data buffer area. A CCB is 
then created to perform the desired operation to the correct peripheral device and a pointer to the 
data buffer area is placed in the CCB. Once the CCB is completely defined, the host places a 
pointer to the CCB in an empty MBO location, places an MBO full status in the MBO status byte, 
and transmits a Start SCS] Command to the I/O Command Port. If it is not already scanning the 
MBO for an active MBO entry, the Start SCSI Command to the I/O Port causes the host adapter to 
begin scanning for such an entry. 


After finding an active MBO entry, the AHA-1540A/1542A copies the MBO Command field 
contents and CCB pointer into its intemal RAM and clears the MBO Command byte, freeing the 
mailbox. Up to 16 initiator CCBs and 16 target CCBs can be stored in the host adapter's internal 
RAM concurrently. The AHA-1540A/1542A maximizes the SCSI bus utilization by starting the 
next available CCB as soon as the bus is free. Disconnection and reconnection on the bus are 
automatically taken care of by the AHA-1540A/1542A. As the host adapter starts the SCSI 
operation, it will first determine if the addressed target/LUN is busy. If the target/LUN is busy, 
then the command will be placed in the task queue to be tried again later. 


Commands are removed from the queue in the order that they were received, establishing a (FIFO) 
first in first out command execution order. Of course, the order of task completion may vary due to 
the different amounts of time required to process and complete different commands. If the 
target/LUN is not busy, the new command is started at the next bus free phase. If BUSY status is 
received by the AHA-1540A/1542A, the CCB is placed at the end of the FIFO queue to be 
restarted later. 


If a CHECK CONDITION status 1s received from the target, the AHA-1540A/1542A will issue a 
Request Sense command to get the sense data. The sense data is stored in the CCB after the SCSI 
command data. The driver software must reserve the allocated number of bytes at the end of the 
CCB to hold the sense data which is returned as result of a receiving a check status. Automatic 
Request Sense can be optionally disabled by jumpers or by using the CCB. 


If the MBO Command is to abort a SCSI command, the host adapter first searches the active and 
queued CCBs. If the CCB is found, the task is aborted at the earliest possible moment and an MBI 
entry is made to indicate that the CCBs execution was successfully terminated. If the CCB is not 
found among the active or queued CCBs, the AHA-1540A/1542A completes the command and 
reports that fact in the MBI Status byte. The CCB may not be found because it has previously 
been aborted, because an intervening reset occurred, or because the CCB was already finished 
normally and returned. 


The AHA-1540A/1542A scans the MBQOs in a round robin fashion. This is to ensure that all of the 
mailboxes will be scanned with equal probability. A host can minimize the AHA-1540A/1542A 
MBO scan time by using MBO's sequentially. 


When executing a START SCSI command, the AHA-1540A/1542A does not verify that the new 
CCB resides in an unused memory area. Therefore, the host must not reuse a CCB location until it 
has been returned through a Mailbox In entry and the host has examined all the pertinent 
information in the CCB. CCB addresses are used by the AHA-1540A/1542A as task identifiers. 
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5.4.2 Execution of Target Mode Operations 
5.4.2.1 Target Mode with a Prepared CCB 


Typical target operation is managed in the following way by the host software. After power-on 
initialization is complete, the host sends an Enable Target Mode command to the host adapter to 
enable Processor Target mode. After that, the host, from previous configuration knowledge, 
generates a pair of CCB's for each likely initiator and for each LUN supported by the host. One 
CCB is for outbound data from the initiator using the SEND command, while the other is for 
inbound data from the target to the initiator using the RECEIVE command. The SEND command 
CCB defines a data buffer for the expected network type command from the initiator. The 
RECEIVE command CCB defines a set of data which is known and expected by the initiator, 
typically a welcome or configuration type message packet. The host adapter tests to be sure that 
duplicate CCBs are not provided by the host. 


As the initiator finishes its initialization procedure, it requests availability and configuration 
information using the TEST UNIT READY, REQUEST SENSE, and INQUIRY commands. 
Finally, it may choose to address SEND and RECEIVE commands to the targets it has located to 
transmit or request information packets. 


When the initiator executes a SEND or a RECEIVE command, the target accepts the selection on 
the SCSI bus, accepts the command from the initiator, and executes the proper data transfer to or 
from the area specified by the proper CCB. When all SCSI activity is finished successfully, the 
CCB is posted back to the host program by an entry in the MBI. The host adapter updates the CCB 
byte count and CDB field contents to correctly reflect the operation performed. The host is notified 
that there is an entry in the MBI by an interrupt from the host adapter. The host then prepares a 
new CCB to control the target's next activity expected from the initiator. 


5.4.2.2 Target Mode without a Prepared CCB 


Alternatively, the processor type device may be addressed by an initiator when no CCB has yet 
been prepared for use by the host adapter. If the host adapter command enabling target mode has 
not yet been executed, the host adapter will act like any initiator. It will not accept any selection 
sequence and any attempts to select it by its target ID will cause the initiator to detect a selection 
time-out. 


If the host adapter has been enabled as a Processor Target by a host adapter command, any 
selection to the host adapter's target address will be accepted. The availability commands and 
identification commands (TEST UNIT READY, REQUEST SENSE, and INQUIRY) will be 
executed completely and normally. If a SEND or RECEIVE command is received and if a CCB is 
not active, either because the host has not completed its program initialization or because the host 
has not finished analyzing the results of previous data transfers and has not generated a new CCB, 
the Processor Target will accept the selection, obtain the IDENTIFY Message Out to determine 
what Logical Unit has been selected, request the CDB from the SCSI, and then disconnect. The 
CDB will be partially interpreted so that the proper MBI can be generated to notify the host that a 
new CCB with a certain address, direction, and data length must be generated. When the new CCB 
is passed to the host adapter by an MBO entry, the CCB is filled up with the command 
information, the SCSI is reconnected, and the command is completed as described above. 
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5.5 DMA CHANNEL INITIALIZATION WITH THE HOST ADAPTER BIOS 
DISABLED 


The DMA circuitry must be set to a special state to allow the Bus Master operation of the AHA- 
154XA to operate correctly. This state is normally established by the BIOS during initialization so 
that no other activity is required. If a DMA-channel other than the default channel is being used or 
if the DMA channel is manipulated by other programs, the circuitry must be initialized in the 
following way before the AHA-154XA can be used. 


For the DMA channel being used, 2 bytes of data must be written to the DMA controller port 
specified to initialize the Host DMA controller for Bus Master DMA operation. The following table 
specifies these values in HEX. 


DMA Channel DMA Controller Port Data 
0 OB OC 
OA 00 
5 D6 Cl 
D4 01 
6 D6 C2 
D4 02 
7 D6 C3 
D4 03 


5.6 INTERRUPT INITIALIZATION 


This setup procedure is normally completed by the BIOS during initialization so that no other 
activity is required. If modifications to the interrupt handler are required, this information together 
with the programming information provided by the host system should be sufficient to properly set 
up the interrupt vectors. 


The host adapter will drive one of several interrupts in the AT system. The particular interrupt used 
must be set up on power up initialization and be properly managed during usage. The AT interrupts 
of interest to the host adapter driver along with their corresponding vector locations are 
summarized below. All these interrupst are handled by a slave interrupt controller. The master 
controller handles all system interrupts such as keyboard, timer, etc. and is assumed to be correctly 
initialized to allow interrupts by the slave controller. Upon receiving an interrupt, the processor 
will be vectored to the contents of the corresponding vector location. 


Hardware Software interrupt 
interrupt vector location (hex) 
mt9 -- INT71 


intlO -- INT72 
intl] -- INT73 
int]2 -- INT74 
intl3 -- INT/76 
intl14 -- INT77 
intl5 -- INT78 
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Firmware Functional Description 


The interrupt is initialized by clearing the corresponding interrupt mask bit in the slave controller. 
The mask register is a read/write register, and only the bit of interest should be cleared. The port 
address is Al hex, and bit definitions follow. 


Interrupt mask bit definition (port address Al hex) 


bit O 
bit 1 
bit 2 
bit 3 
bit 4 
bit 5 
bit 6 
bit 7 


int 8 

int 9 

int 10 
int 11 
int 12 
int 13 
int 14 
int 15 
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6.1 SINGLE THREADED BIOS COMMAND INTERFACE 


The AHA-1540A/1542A BIOS resides on the host adapter board. It provides support for up to two 
SCSI Common Command Set disk drives under DOS. If SCSI devices other than CCS disk drives 
or if support for more than two disk drives is required under DOS, the Adaptec DOS Driver, 
ASW-1110 must be used. The BIOS provides a very simple single threaded capability that does 
not make use of the Mailbox Interface used by more sophisticated programs. This capability allows 
the host system to boot from a SCSI disk drive and to support standard DOS calls from any 
standard program. 


The BIOS communicates with the host adapter through a special set of commands passed under the 
I/O Command Port command 02H (Start Bios Command). These commands are not available to 
any programs except the Adaptec BIOS. The Adaptec BIOS provides a standard BIOS interface. 
The DOS interface to the standard BIOS is described in this section. — 


On an AT compatible machine, up to two hard disks are supported by the BIOS resident on the 
mother board. Any other drives must be managed through the Mailbox Interface using an 
appropriate driver. The operation of the AHA-1540A/1542A BIOS on attached SCSI devices 
depends on the number of standard hard disks installed directly on the system. 


No standard hard disks installed: 


In this case, two SCSI drives can be supported by the AHA-1540A/1542A BIOS. SCSI 
Device 0 Logical Unit Number 0 is designated as drive 0 (Drive C:). Either SCSI Device 0 
LUN 1 or SCSI Device 1 LUN 0 may be designated as drive 1 (Drive D:). This set of 
addresses allows the use of two drives with either embedded controllers or bridge 
controllers. Booting is only performed from SCSI Device 0 LUN 0. When no standard 
hard disks are installed, the AHA-1540A/1542A BIOS is operating in non-concurrent 
mode. 


One standard hard disk installed: 


In this case, the internally installed hard disk is designated as drive 0 (Drive C:). SCSI 
Device 0 LUN 0 is designated as drive 1 (Drive D:). Booting is performed from the 
internally installed hard disk. This mode of operation is called concurrent operation, 
indicating that the internally installed drive and one SCSI drive can operate together under 
the BIOS. 


Two standard internal hard disks installed: 
In this case, all the disks that can be supported by the BIOS are directly installed. The 


AHA-1540A/1542A BIOS will not support any SCSI drives. Therefore a device driver will 
need to be installed to access the SCSI drives. 
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6.2 BIOS COMMAND EXECUTION USING INTERRUPT 13 


On IBM compatible systems, disk I/O requests are passed from the operating system to the BIOS 
through software interrupt 13H. CPU registers are used to pass information about the desired 
operation and the associated parameters. 


The AHA-1540A/1542A BIOS provides SCSI support by intercepting each interrupt and managing 
the request according to the drive address. If the drive is a floppy or internally installed fixed disk, 
the call is managed by the mother board BIOS with no changes. If the selected drive is a SCSI disk 
drive, the request is handled by the Adaptec BIOS resident on the AHA-1540A/1542A. For 
concurrent operation, only calls to drive 81H (D:) are handled by the AHA-1540A/1542A BIOS. 
For nonconcurrent operation, calls to both drive 80H (C:) and 81H (D:) are managed by the AHA- 
1540A/1542A BIOS. 


On each Interrupt 13 call, the correct host microprocessor registers are set by the operating system 
program to provide the required parameters to both the Adaptec BIOS and the mother board BIOS. 
Most commands use the registers as indicated in the following table. 


Register Function 
AH BIOS Function Code 
AL Number of Sectors 
CH Low Order Byte of Cylinder Number 
CL Cylinder and Sector Numbers 


Bits 7,6 High Order Cylinder Bits 
Bits 5-0 Sector Number 


DH Head Number 
DL Drive Number 
ES:BX Data Buffer Address 


6.2.1 Physical to Logical Address Translation 


As shown above, the starting sector address for read, write and verify requests is passed as a 
physical address including a 10 bit Cylinder Number, an 8 bit Head Number, and a 6 bit Sector 
Number. SCSI devices are addressed by logical block address without regard to the physical 
layout of the drive. For this reason, all SCSI devices are defined as drives with 64 heads and 32 
sectors per track and with the appropnate number of cylinders to provide the full capacity of the 
drive using this physical to logical translation. The SCSI logical address is formed by the BIOS by 
concatenating the values as show below: 


Cylinder (10 bits) || Head (6 bits) Il Sector (5 bits)=SCSI Logical Block Address 
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6.2.2 BIOS Command Return Codes 


The BIOS command, when complete, returns control to the requesting program at the next 
instruction after the software interrupt. A return code 1s set in the Carry Flag (CF) and a status code 
is placed in register AH for examination by the requesting program. The expected return codes 
placed in the Carry Flag are shown below. 


CF Contents at Return Return Code 

CF = 1 Status is non-zero. Unusual condition or error 
detected. 

CF = 0 Status is zero. Normal command completion 
occurred. 

AH Contents at Return Status of Operation 

AH = 00H No error: The operation completed successfully. 

AH = 01H Invahd Function Request: The operation code or 


an associated parameter provided by the Interrupt 13 
operation was not valid. 


AH = 02H Unable to Read Address Mark: One of the following 
additional sense codes (SCSI ASC) was presented in 
the sense information returned by the REQUEST 


SENSE command: 
12H (No AM Found on Data Field) 
21H (Illegal Logical Block Address) 
AH = 03H Write Protect Error: Returned SCSI ASC was: 
27H (Data Protect) 
AH = 04H Read Error: Returned SCSI ASC during a read 
operation was: 
14H (No Record Found) 
16H (Data Sync Error) 
AH = 10H Uncorrectable ECC Error in Data: Returned SCSI 


ASC during a read operation was: 
10H (ID ECC Error) 
11H (Unrecovered Read Error) 


AH = 11H ECC Corrected Data Error: Returned SCSI ASC 
during a read operation was: : 


17H (Recovered Read Error w/o ECC) 
18H (Recovered Read Error w/ ECC) 
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AH = 20H 
AH = 40H 
AH = 80H 
AH = AAH 
AH = BBH 
AH = CCH 
AH = FFH 


6.3 BIOS DISK COMMANDS 


Single-Threaded Software Interface 


General Controller Failure: A host adapter 
detected failure occurred or one of the following 
SCSI ASC's was returned: 

01H O8H 40H 46H 

03H O9H 41H 47H 

OSH 1BH 42H 48H 

06H 1CH 43H 49H 

07H 1DH 44H 


Seek Operation Failed: Returned SCSI ASC was: 
15H (Seek Positioning Error) 
02H (No Seek Complete) 


Selection Time-out: A host adapter does not 
respond to BIOS. 


Device Not Ready: | Returned SCSI ASC was: 


04H (LUN Not Ready) 
28H (Unit Attention, Ready) 
29H (Unit Attention, Power On) 


2AH (Unit Attention, Mode Select Change) 
Unknown Target Sense Error Occurred: A SCSI 
ASC other than those specified above was returned 
from the selected SCSI device. 
Write Error: Not Returned 


Sense Operation Failed: BIOS unable to retrieve 
sense information from target. 


The commands that can be accepted from the operating system by the BIOS include all those 
commands required for normal DOS operation, for booting of the DOS operating system, for the 
booting of other operating systems, and for basic maintenance and verification of normal disk 
operation. The command set 1s summarized in the following table and each command is described 


in more detail in the sections following. 


AH Register 


00 H 
01H 
02H 
03 H 
04H 
06 H 
08 H 
09H 
OC H 
OD H 
10H 
11H 
15 H 
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Meaning 


Reset Disk System 

Read Status of Last Operation 
Read Desired Sectors into Memory 
Write Desired Sectors from Memory 
Verify Desired Sectors 

Identify SCS] Devices 

Read Drive Parameters 

Initialize Drive Pair Characteristics 
Seek 

Altemate Disk Reset 

Test Drive Ready 

Recalibrate 

Read DASD Type 
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The Format commands (AH = 05, 06, 07, and 1AH) are not supported by the AHA-1540A/1542A 
BIOS. The format operation is performed under a special format utility installed in ROM and 
initiated through the DEBUG program. 


The Diagnostic Reserved commands (AH = 0A, OB, OE, OF, 12, and 14H) are not supported by 
the AHA-1540A/1542A BIOS. 


The Park Heads command (AH = 19H) is not supported by the AHA-1540A/1542A BIOS. 


The Reserved for Diskette commands (AH = 16, 17, 18) and the commands from 1BH up to FFH 
are not supported by the AHA-1540A/1542A BIOS. Any attempt to execute any of these 
unsupported commands will be ended by the BIOS and an error code of 01H (Invalid Function 
Request) will be returned in the AH register. 


6.3.1 Reset Disk System 


The BIOS is requested to reset the disk subsystem. A SCSI Reset operation is performed on the 
SCSI bus if the bus is busy at the time the Reset Disk System command is received by the host 
adapter. No other SCSI or host adapter activity occurs. The BIOS command is then passed on to 
the standard BIOS so that any internally installed hard disks and floppy disk devices can also be 
reset. If the BIOS is operating concurrently with an internally installed hard disk, the dive number 
is decremented by the AHA-1540A/ 15424 BIOS so that the standard BIOS does not attempt to 
reset the drive that is not installed. | 


Input Parameters: AH = 00H 
DL = Drive Number (80H or 81H) 


Output Parameters: AH = Status of Operation 
CF = Return Code 
6.3.2 Read Status of Last Operation 


The status of the last operation performed to the specified disk is returned. No SCSI activity 
occurs. The disk status is reset to zero. 


Input Parameters: AH = 01H 
DL = Drive Number (80H or 81H) 


Output Parameters: AH = Status of Operation 
CF = Return Code 
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6.3.3 Read Desired Sectors Into Memory 


The sectors requested by the parameters are read from the disk to the system memory. The SCSI 
command is executed as a READ (EXTENDED) command (SCSI Operation Code 28H). If the 
operation fails and an error is reported through the BIOS status byte, the operation should be 
retried one time. If a 11 Error (ECC Corrected Data Error) is returned, the data returned has been 
corrected and may be used with confidence. 


Input Parameters: AH = 02H 
DL = Drive Number (80H or 81H) 
DH = Head 
CH = Cylinder 
CL = High Cylinder and Sector 
AL = Number of Sectors to Read 
ES:BX = Address of buffer area 


Output Parameters: AH = Status of Operation 
CF = Return Code 


6.3.4 Write Desired Sectors from Memory 


The sectors requested by the parameters are written from the system memory to the indicated disk. 
The SCSI command is executed as a WRITE (EXTENDED) command (SCSI Operation Code 
2AH). If the operation fails and an error is reported through the BIOS status byte, the operation 
should be retried one time. 


Input Parameters: AH = 03H 
DL = Drive Number (80H or 81H) 
DH = Head 
CH = Cylinder 
CL = High Cylinder and Sector 
AL = Number of Sectors to Write 
ES:BX = Address of buffer area 


Output Parameters: AH = Status of Operation 
CF = Return Code 


6.3.5 Verify Desired Sectors 


The sectors defined by the parameters are verified to be correctly wmitten on the SCSI disk. The 
SCSI command is executed as a VERIFY command (SCSI Operation 2F) with the Byte Check bit 
set to zero. If the VERIFY command is not supported by the selected disk, the Verify Desired 
Sectors will perform a SCSI READ command (SCSI Operation Code 28H) and throw away the 
received data. If the operation fails and an error is reported through the BIOS status byte, the 
operation should be retried one time. 
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Input Parameters: AH = 04H 
DL = Drive Number (80H or 81H) 
DH = Head 
CH = Cylinder 
CL = High Cylinder and Sector 
AL = Number of Sectors to Verify 


Output Parameters: AH = Status of Operation 
CF = Return Code 


6.3.6 Identify SCSI Devices 


This is a special AHA-1540A/1542A BIOS call that is used to return the number of the first 
supported SCSI drive. In the nonconcurrent case (2 SCSI drives), the returned value will be 80H. 
If only one SCSI drive is installed, the returned value will be 81H. 


Input Parameters: AH = 06H 


Output Parameters: AH = Status of Operation 
AL = First Drive Supported 
80H  Nonconcurrent operation 
81H Concurrent operation 
CF = Return Code 


6.3.7 Read Drive Parameters 


A SCSI READ CAPACITY command is used to determine the maximum logical block of the 
selected drive. This information is then used to calculate the proper number of cylinders to be 
returned to the host system. The number of heads returned will always be 64 and the number of 
sectors per track will always be 32. The number of drives returned will include both internally 
installed drives and SCSI drives. 


Input Parameters: AH = 08H 
DL = Drive Number (80H or 81H) 


Output Parameters: AH = Status of Operation 
DL = Number of BIOS accessible drives attached (1 or 2) 
DH = Maximum value for head number (3FH) 
CH = Maximum value for Cylinder Range (Low Byte) 
CL= Maximum value for Sector, High Cylinder Bits 
Bits 7,6 High Order Cylinder Bits 
Bits 5-O Sector Number Maximum Value ( 20H) 
CF = Return Code 
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6.3.8 Initialize Drive Pair Characteristics 
This command performs no operation, since SCSI CCS drives are self configuring. 


Input Parameters: AH = 09H 
DL = Drive Number (80H or 81H) 


Output Parameters: AH = Status of Operation 
CF = Return Code 


6.3.9 Seek 


A seek to the logical block address defined by the physical parameters is performed. The seek is 
performed using the SEEK (EXTENDED) command (SCSI Operation 2BH). The SEEK 
commands are not mandatory CCS commands and are not required for proper functioning of SCSI 
devices. If the addressed disk drive reports an error indicating that the SEEK (EXTENDED) 
command is not supported, the BIOS command will complete normally anyway. Since the seek 
operation is performed automatically by a Read or a Wnite operation, there is no need to generate a 
separate seek operation to access data. 


Input Parameters: AH = 0CH 
DL = Drive Number (80H or 81H) 
DH = Head : 
CH = Cylinder 
CL = High Cylinder. (Sector bits = 0) 


Output Parameters: AH = Status of Operation 
CF = Return Code 


6.3.10 Alternate Disk Reset 


The BIOS is requested to reset the disk subsystem. A SCSI Reset operation is performed on the 
SCSI bus if the bus is busy at the time the Reset Disk System command is received by the host 
adapter. No other SCSI or host adapter activity occurs. The BIOS command is then passed on to 
the standard BIOS so that any internally installed hard disks and floppy disk devices can also be 
reset. If the BIOS is operating concurrently with an internally installed hard disk, the drive number 
is decremented by the AHA-1540A/1542A BIOS so that the standard BIOS does not attempt to 
reset the drive that 1s not installed. 


Input Parameters: AH = 00H 
DL = Drive Number (80H or 81H) 


Output Parameters: AH = Status of Operation 
CF = Return Code 
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6.3.11 Test Drive Ready 


The BIOS command determines that the specified drive is available and ready by executing a TEST 
UNIT READY command (SCSI Operation Code OOH) to the SCSI device. The command may 
have to be executed a second time if a Unit Attention condition was detected in the first execution 
of the TEST UNIT READY. 


Input Parameters: AH = 10H 
DL = Drive Number (80H or 81H) 


Output Parameters: AH = Status of Operation 
CF = Return Code 


6.3.12 Recalibrate 


The BIOS command transmits a REZERO UNIT command (SCSI Operation Code 01H) to the 
specified drive. Since the REZERO UNIT command 1s not a mandatory command and is not 
required for proper functioning of the SCSI device, the BIOS command will complete without 
indicating an error even if the SCSI device indicates that the command is invalid. 


Input Parameters: AH = 11H 
DL = Drive Number (80H or 81H) 


Output Parameters: AH = Status of Operation 
CF = Return Code 


6.3.13 Read DASD Type 


The AHA-1540 BIOS executes this command by performing an INQUIRY (SCSI Operation Code 
12H) and a READ CAPACITY (SCSI Operation Code 25H) to the selected SCSI drive. The 
INQUIRY command is used to verify that the device is a Direct Access Storage Device. The READ 
CAPACITY is used to determine the number of logical blocks available. A special return format is 
used to obtain the required information. 


Input Parameters: AH = 15H 
DL = Drive Number (80H or 81H) 


Output Parameters: AH = Status of Operation (Special Format) 
OOH Drive not present or DL invalid 
O1H Reserved 
O2H Reserved 
03H Fixed Disk installed 


CX,DX Number of 512 byte blocks available on disk 
CF = Return Code 
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Section Seven Device Drivers 


7.1 PC/AT BIOS 


The PC/AT BIOS is provided to allow the user to use the AHA-1540A/1542A in lieu of, or in 
addition to, a standard PC/AT hard disk controller. This compatibility includes booting from a 
SCSI device. Hard disk requests are sent to the BIOS via an INT 13 software interrupt. CPU 
register contents specify the desired I/O function and associated parameters. The BIOS then uses 
host adapter commands to emulate PC/AT functions. Again, since the mailbox architecture is 
circumvented, PC/AT BIOS functions min in a single-threaded mode. 


The BIOS consists of three major functional components. These are: 


1. Ininalization Routine 
2. System Boot Routine 
3. Hard Disk I/O Routine 


7.1.1 Initialization 


The Initialization routine is called at power-up. This routine performs all of the necessary 
initialization functions and will display the following message if the system successfully recognizes 
the AHA-1540A/1542A BIOS. 


ADAPTEC AHA-1540A/1542A HOST ADAPTER BIOS 
COPYRIGHT 1987 ADAPTEC, INC. 
ALL RIGHTS RESERVED. 


If any subsequent initialization of the AHA-1540A/1542A fails, the following message is 
displayed: 


HOST ADAPTER NOT FOUND AT PORT 330H. 


Otherwise, the AHA-1540A/1542A BIOS chooses a course of action based upon the number and 
types of hard disks already installed. In each case, the number of hard disks already installed is 
displayed along with the ID numbers of any SCSI devices that are successfully used by the BIOS. 


Possible Messages: 


HARD DISK #) ALREADY INSTALLED. 
HARD DISK #1 ALREADY INSTALLED. 
HOST ADAPTER DIAGNOSTIC FAILURE. 
SCSI DEVICE 0 : 0 NOT FOUND. 

USING SCSI DEVICE 0: 0 AS HARD DISK #0. 
USING SCSI DEVICE 0: 0 AS HARD DISK #1. 
USING SCSI DEVICE 0: 1 AS HARD DISK #1. 
USING SCSI DEVICE 1:0 AS HARD DISK #1. 


NOTE: No error message is displayed if a second SCSI] drive is not available. 
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If the system reports an initial number of hard drives greater than 2, the following message is 
displayed: 


SYSTEM CONFIGURATION ERROR. 


The AHA-1540A/1542A BIOS allows the use of 0, 1, or 2 hard disks on the SCSI bus under DOS 
without a device driver. 


If 2 hard disks are attached to an internal hard disk controller, and are already recognized by the 
system, the BIOS does nothing. A device driver will be needed to access SCSI devices. 


If 1 hard disk is attached to an internal hard disk controller, and is already recognized by the 
system, the BIOS attempts to assign the SCSI device (Target : LUN) 0: O as the second drive. 
(drive D:) If this is unsuccessful, an initialization error is reported to the system. 


If there are O hard disks attached to an internal controller, the BIOS attempts to assign the first 
SCSI device (Target : LUN) O : 0 as the first drive. (drive C:) If this is unsuccessful an 
initialization error is reported to the system. If successful, the BIOS attempts to assign another 
SCSI device as the second drive. (drive D:) Device 0 : 1 is tried first, and if that fails, device 1 : 0 
is ted. There 1s no initialization error reported if a second drive is not available. 


7.1.2 System Boot 


System boot is invoked by execution of an Interrupt 19. No interception of this interrupt is 
necessary, as the PC/AT BIOS manages the boot process. When the boot procedure attempts to 
read the boot track from drive C:, the AHA-154XA BIOS will respond if drive C: is a SCSI Drive. 
Only SCSI drive 0:0 can be assigned as a SCSI C: drive. Mother board BIOS's that use interrupt 
13 to perform booting should boot normally from SCSI drives using the AHA-154XA. 


7.1.3 Hard Disk I/O 


The BIOS enables up to two SCSI drives to be accessed via interrupt 13 as described in Section 6. 


7.2 XENIX/UNIX Drivers 


SCO Xenix and Unix, Interactive Systems Unix, and Microport Unix all support the AHA- 
1540A/1542A at the time of this publication. Please consult with these Operating System 
companies for more information on their products. 


7.3 DOS Driver 


An optional DOS Driver is available that enables the AHA-1540A/1542A to access additional SCSI 
devices on the SCSI bus. When operating under DOS, a device driver is needed to access more 
than two hard disks, tape devices or other types of SCSI peripherals. In addition, DOS 
applications that use the virtual memory mode of the 80386 processor require this driver. If you are 
not running DOS programs that operate in the virtual 80386 mode, or if all DOS operations will be 
confined to two SCSI disks or one internal and one SCSI disk, a device driver is not needed 
because of the on-board BIOS. 
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The DOS driver is installed by creating a DOS configuration (CONFIG.SYS) file that calls the 
device driver at boot time. Please refer to your DOS manual for information on creating a 
CONFIG.SYS file. At initial system loading, the AHA-1540A/1542A device driver will determine 
the number of hard disks attached to the system. The device driver is normally only installed if one 
of the following cases is true. 


1) There are two internal hard disks and one or more SCSI disks. 
2) There is one internal hard disk and two or more SCSI disks. 
3) There are no internal hard disks and more than two SCSI disks. 


The following table shows how hard disks in a system are addressed: 


Configuration Device Driver 


TWO INTERNAL HARD DISKS 2nd Int. Disk eel 
Devices 
ONE INTERNAL HARD DISK Internal Hard SCSI 0/0 Other SCSI 
Disk Disk | Devices 
NO INTERNAL HARD DISK SCSI! 0/0 SCSI 0/1 Other SCSI 
Disk or 1/0 Devices 


The SCSI disk drives that are accessed by the device driver are divided into 32 MB logical disks. 
There can be multiple logical disks on one physical SCSI disk drive. A utility program is also 
provided that performs the functions of the DOS FDISK and FORMAT utilities. This utility will 
perform FDISK and FORMAT to SCSI disks that can only be accessed through the device driver. 
These utility programs partition the disks and create file directories so that DOS files may be copied 
and accessed from SCSI drives. Please refer to your DOS manual for details of FDISK and 
FORMAT. 










SCSI 2 compatible and QIC 104 command set 1/4" tape drives are also be supported by the DOS 
device driver. The user accesses a SCSI tape drive by building a CCB as described in Section 
Five. The device driver passes the CCB to the AHA-1540A/1542A and instructs the AHA- 
1540A/1542A to complete the command. Software products such as Sytron Corporations SYTOS 
Tape Operating System automatically interface to the Adaptec AHA-1540A/1542A DOS driver. 


To install the driver into your boot routine, you must create, or edit the DOS configuration file 
named CONFIG.SYS. You can use any file editor to do this, or you can create it through the 
"COPY CON: CONFIG.SYS" DOS command. Refer to your DOS manual for more information 
on this command. Once installed, the driver operates transparently to the user. 


7.3.1 DOS Driver Support of Virtual Mode 

The use of high performance 16-bit Bus Master DMA on the AHA-1540A/1542A SCSI host 
adapter may result in incompatible operation with application programs that use the 80386 virtual 
memory mode of operation. 

In real mode, the host adapter BIOS is passed a physical address. This is necessary since the host 
adapter controls all SCSI J/O without CPU intervention. This physical address may not be passed 
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to the host adapter when the system is in the V86 mode. Programs that use the V86 mode can only 
be run on 80386 machines. 


The AHA-1540A/1542A DOS driver also allows this type of application program to run under 
DOS. 


7.4 AHA-1540A/1542A On-board Utilities 


The AHA-154XA BIOS contains a utility program that allows the user to perform the several 
important functions. The utility programs are accessed using a self explanatory menu. 


The utilities are accessed using the DOS Debug function. To access the utilities, boot using a 
standard DOS system disk or diskette. When the DOS prompt symbol appears on the screen, enter 
the debug program by typing debug and pressing Enter. The debug program will load and present 
a new cursor, the - symbol. Enter the following line and press enter to invoke the On-board Utility 
program. 


G=dc00:6 


If a BIOS base address other than DCOOOH is being used on the adapter to be tested, replace the 
dcOO parameter with the actual BIOS base segment. The segment is the upper 16 bits of the 20 bit 
BIOS base address. 


The menu options include the following items which are selected by pressing the index number of 
the menu function. 


(1) A list of all devices installed on the SCSI bus may be requested. This information is retrieved 
via a RETURN INSTALLED DEVICES host IOCP command, followed by INQUIRY commands 
to all available targets. 


(2) A device may be selected for execution of the following two functions. Pressing the '2' key 
toggles the selection from one installed device to the next. 


(3) A low level, or primary, format of the selected Target/LUN can be requested. A MODE 
SELECT is issued first to set the block size at 512 bytes per sector. Then a FORMAT command 1s 
issued which will format the drive with factory as well as grown defects. Only one SCSI drive can 
be formatted at a time. 


(4) Integrity of a target can be checked by verifying an entire drive. Any correctable errors found 
will automatically be handled through the SCSI Reassign Blocks Command. If any uncorrectable 
errors are found the user will first be asked via a screen prompt if reassignment of the effected 
block should be performed. 


(5) The user can leave the AHA-154XA On-board Utility functions and return to normal DOS 
operation. 
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In addition to the On-Board Utilities, a DMA channel test also resides on the AHA-154XA BIOS. 
The test verifies that all DOS-available memory can be accessed correctly from the host adapter 
using first party DMA. The test takes from 2 to 10 minutes to execute, depending on the CPU 
speed and the amount of memory available. The test is invoked by entering the debug program as 
above and entering: 

G=DC00:9 


The program then is activated and verifies each segment of the memory, indicating with screen 
messages as each segment is verified. The test runs indefinitely or until an error is detected. In 
most cases of error, the error information cannot be presented since the host operating system is 
likely to be compromised. The error symptom is usually a system crash. The test is halted by 
rebooting. 
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8.0 SCSI FEATURES 
8.1 SCSI DESCRIPTION, INITIATOR MODE 


The AHA-1540A/1542A provides a very high performance SCSI interface connection. The host 
adapter meets the ANSI Standard X3.131-1986, describing the SCSI. The host adapter 
additionally meets conformance level 2 of the specification by implementing the following SCSI 
options: 


Accepts or manages the following messages: 


Command Complete 
Disconnect 

Message Reject 
Idennfy 

Save Data Pointer 


Performs arbitration 


The following alternatives are selected for the AHA-1540A/1542A SCSI interface connection from 
those described by X3.131-1986. 


Single-ended SCSI driver/receivers are used. 


The Termination Power is supplied through a removable fuse, allowing the user to 
select whether or not termination power is provided by the host adapter at 
installation time. 


Parity 1s always generated. Parity checking can be disabled through the jumper 
selection. 


The "Soft" Reset option is always performed by the AHA-1540A/1542A. If the 
user desires the "Hard" Reset, an interrupt servicing program that detects the SCSI 
Reset Detected interrupt in the Interrupt Flags Port must set the Soft Reset bit in the 
Control Port. This bit forces the host adapter to clear all SCSI related operations, 
but does not require execution of the diagnostic functions. If the Soft Reset bit has 
been set, the host software must re-initialize the AHA-1540A/1542A. 


Synchronous data transfer is supported. Negotiation for the synchronous transfer 
initiated by another SCSI device will be accepted by the AHA-1540A/1542A at any 
time. If the jumper has been set to allow it, the AHA-1540A/1542A will also initiate 
synchronous data transfer negotiation when it has detected that such negotiation 
may be required. 

Multitasking is fully supported. 


Modify Data Pointers is supported to allow Zero Latency Read operations. 
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In addition to these SCSI functions, the SCSI Common Command Set at level 4B is also 
supported. While this document was never made a standard, it describes a widely available set of 
disk drive functions which are supported by the host adapter. The Host Adapter BIOS commands 
are all mapped in to SCSI CCS commands to allow the proper support of all the most common 
SCSI disk drives. The Adapter Command "Return Installed Devices" also uses CCS commands to 
determine which devices are available. 


The draft ANSI standard for SCSI-2 has been used as a reference for the implementation of all 
SCSI functions with the expectation that the host adapter will be fully compatible with the final 
version of the SCSI-2 standard. In particular, the Processor type device command set has been 
selected from the SCSI-2 manual for Target Mode operation. 


8.1.1 Linked SCSI Commands 


The AHA-1540A/1542A supports linking of SCSI commands in initiator mode. When the link bit 
in the SCSI command control byte is set, the target will present either a OA or OB message at 
command completion. The AHA-1540A/1542A uses the the link pointer in a CCB to fetch another 
CCB. At the same time, the completed CCB status and address are stored in an MBI. If the target 
returns a OB or OO message, the AHA-1540A/1542A generates an interrupt to inform the host of 
the full MBI. If the target returns a OA message, the MBIF intermpt is not posted until all linked 
commands are completed. The linked CCBs must address the same target and LUN since the target 
is not re-selected. 


8.1.2 Zero Latency Read Operation 


The AHA-1540A/1542A implements Zero Latency operation through the use of modify data 
pointer messages. Zero Latency can eliminate rotational latency, depending on the length of the 
data transfer, by supporting out of order data transfers. This advanced feature is currently only 
implemented on the ACB-4525Z SCSI to ESDI controller, and is supported transparently to the 
user. 


Since the Adaptec host adapter family is the first to support Zero Latency Read operation, this 
section is intended to briefly explain the required target support. Please refer to the Adaptec ACB- 
4525Z SCSI to ESDI controller manual for complete details of Zero Latency Read operation. 


After seeking to the target track, the ACB-4525Z (ACB-4525Z is assumed since it is the first SCSI 
controller to implement this feature) will begin reading block IDs. If the first block ID is within 
range of the data transfer, but not the last block of the the data transfer, the ACB-4525Z will begin 
reading the subsequent blocks into its buffer. Before transferring data the ACB-4525Z will issue a 
MODIFY DATA POINTER message to the AHA-1540A/1542A. This supplies a positive argument 
that is added to the value of the current data pointer. The ACB-4525Z will now send this portion of 
the data transfer to the host. The ACB-4525Z will resume reading data into its buffer as soon as the 
first block of the data transfer is detected. Before sending this data to the host, the ACB-4525Z will 
issue a second MODIFY DATA POINTER message to the AHA-1540A/1542A which supplies a 
negative argument. This returns the data pointer to its original position. This guarantees that a data 
transfer of one track or less will never require more than a single revolution since data can now be 
transferred out of order. 
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8.1.3 SCSI Messages 


The AHA-154XA host adapter supports a number of special messages in addition to the messages 
required by meeting conformance level 2. Those messages are described in detail in the SCSI 
specification, X3.131-1986, and in this section where they are used. The messages are 


summarized in this table: 
FUNCTION 
Standard Messages 


Error Management 


Disconnect / Reconnect 


Synchronous Transfer 


Zero Latency Operation 


Linked Commands 


MESSAGE 
Command Complete 


Message Reject 
Bus Device Reset 
Abort 


Identify 
Disconnect 

Save Data Pointer 
Restore Pointers 


Synchronous Data Transfer 
Request 


Modify Data Pointers 
Linked Command Complete 


Linked Command Complete 
With Flag 


8.2 SCSI DESCRIPTION, TARGET MODE 


8.2.1 Initiator Conformance Level Requirements 


CAUSED BY 
Normal Sequencing 
Invalid Messages 
Special CCB 
Special MBO 
Normal Sequencing 


Normal Sequencing 
Normal Sequencing 


Special Sequencing/ZLR 


Initialization Sequencing 


ZLR Sequencing 


Command Linking 
Command Linking 


Initiators that execute commands against an AHA-1540A/1542A operating in Target Mode are 
required to have the following conformance levels, as described in Appendix E of the SCSI 
Specification, ANSI X3.131-1986. Conformance must be present with respect to each of the 
following items: 


The initiator must use single-ended drivers. 

Termination power may optionally be provided by the initiator, but must meet the SCSI 
specification in both its over-current protection and its reverse current diode protection. 
The terminators may be installed on the AHA-1540A/1542A board or installed as in-line 
terminators at the cable connectors. 


The implementation of parity is optional, but desirable. 
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The initiator may support either "hard" reset or "soft" reset. All attached devices must 
support the same type of reset. 


The initiator must meet the requirements of conformance level two. In particular, all LUN 
addressing must be performed by the IDENTIFY message, not by the LUN field in the 
CDB. Disconnection and reconnection must be supported. 


The initiator and target functions have the same SCSI ID. 


8.2.2 Support of Synchronous Transfer 


Synchronous transfer is supported by the AHA-1540A/1542A in target mode without any 
instruction or support from the system processor. If an initiator invokes a synchronous transfer 
negotiation, the AHA-1540A/1542A will complete the negotiation of the required transfer offset 
and period. If the proper jumper has been set, the AHA-1540A/1542A will also attempt to 
negotiate synchronous transfer during the initial selection period of the first command after an 
initialization or after a SCSI reset. 


8.2.3 SCSI Target Operation in Processor Target Mode 


When the AHA-1540A/1542A has been set to respond in Processor Target Mode, the host adapter 
appears on the SCSI bus as a normal processor type device as defined by the SCSI specification. 
From one to eight LUN's may be supported, depending on the LUN mask byte in the Enable 
Target Mode command. Five SCSI commands are accepted: 


TEST UNIT READY 
REQUEST SENSE 
INQUIRY 

SEND 

RECEIVE 


All other commands are rejected with CHECK CONDITION status. The sense information will 
indicate a Sense Key of O5H (Illegal Request) with a Sense Code of 20H (Invalid Command 
Operation Code). 


The commands that do not perform data transfer to or from the host are handled completely by the 
AHA-1540A/1542A with no CCB communication with the host system. Those commands are the 
TEST UNIT READY, REQUEST SENSE, and INQUIRY commands. The SEND and RECEIVE 
commands must have a CCB from the host with the proper direction bits, the proper initiator 
address, and the proper LUN number to complete the SCSI operation. The SEND and RECEIVE 
CCBs may be provided to the host adapter before a command is received on the SCSI or may be 
requested after the command is received. 


Each time an initiator activates a command to the AHA-1540A/1542A, an internal sub-channel is 
activated to manage the command. The sub-channel is dedicated to that particular LUN-Initiator 
transaction until all operations associated with the command are completed. Such operations 
include disconnection to obtain a CCB, pending error conditions, and linked operations. If all sub- 
channels are busy, a selection to the AHA-1540A/1542A will result in the AHA-1540A/1542A 
accepting the command and then generating BUSY status immediately. If this occurs, the initiator 
must re-issue the command later. 
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8.2.3.1 TEST UNIT READY 


BIT 
— 





Test Unit Ready Operation Code (00) 


Reserved (00) 


The TEST UNIT READY command follows the SCSI specification in all respects. If the AHA- 
1540A/1542A has been initialized by the Enable Target Mode command to the Processor Target 
Mode, the command will finish normally with GOOD status and a COMMAND COMPLETE 
message. The host adapter supports the normal definition of UNIT ATTENTION on the first 
operation after power on, after a SCSI Reset, or after a BUS DEVICE RESET. 










If a TEST UNIT READY command is executed against an LUN which was not allowed by the 
Enable Target Mode command, then CHECK CONDITION status will be presented with sense 
data of Sense Key 5 (Invalid Request) and an Error Code of 25H (Invalid LUN). 


8.2.3.2 REQUEST SENSE 


BIT 
Papen 


Request Sense Operation Code (03h) 


LUN (unused = 00) Reserved (00) 
Reserved (00) 


Allocation Length 
Reserved _ (00) 
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If the AHA-1540A/1542A has returned CHECK CONDITION status to a previous command, the 
REQUEST SENSE command will obtain the sense information associated with the error. The 
sense information will be sent in the extended sense format according to the SCSI standard. The 
data format is given in the following figure: 


BIT 
—— 


Error Code (70h or Foh) 











i Reserved (00h) 
Information Bytes 
(Residue) 
Additional Sense Length (O6h) 


ra Reserved (00000000h) 
11 


Additional Sense Code 
Additional Sense Code Qualifier (O0h) 


The following errors are detected and presented by the AHA-1540A/1542A while operating in 
Processor Target Mode: 














feeble 








Error Sense Additional Sense 
| Key Code 
No Sense Data 00 00 
Invalid Command Operation Code 00 20 
Invalid LUN 05 25 
Invalid Command Parameter 05 26 
Power Up Attention 06 29 
Reset Attention | 06 29 
Interface Parity Error OB 47 
Initiator Detected Error OB 48 
Dumb Initiator 05 2B 


One set of error data may be buffered for each initiator - LU association possible, up to a total of 
56 sets of sense data. No Contingent Allegiance or Extended Contingent Allegiance state is 
established. 


The Error Code (Byte 0) will be FOh if the residue field is valid and 70h if the residue field has no 
information. 


The Incorrect Length Indicator (ILI) will be set if an incorrect data transfer length is executed as 
described in Section 8.2.4. 


AHA-1540A/1542A 8-6 adaptec 


Section Eight SCSI Features 


The residue is set equal to the transfer length requested 1 in the initiator CDB minus the target aoe S 
specified data length specified as a four-byte two's complement number. 


8.2.3.3 INQUIRY 


BIT 
— 


Inquiry Operation Code (12h) 


Reserved § (00) 
Reserved (00) 
Reserved (00) 
























The INQUIRY command provides the information necessary to uniquely identify the Adaptec 
AHA-1540A/1542A as a Processor-type device. The information is returned in the SCSI-2 format. 
The following information is returned to any selecting initiator from any selected AHA- 
1540A/1542A Logical Unit: 


BIT 
—— 


Peripheral Qualifier Processor Device Type (03h) 


Reserved (00h) 


Reserved (00h) ANSI Version (02) 


Response Data Format (02h) 


Additional Length (1Dh) 


Reserved (00h) 
Reserved (00h) 


po Reserved (0m) 
fe ts [semester] 2 |e fe 


Vendor Identification (ASCII) 
ADAPTEC bbb 


73 - Product Identifiction (ASCII) 
31 AHA-1540bbbbbbbb 

Product Revision Level (ASCII) 
35 
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If the INQUIRY command is attempted against a Logical Unit that has not been enabled as a target, 
byte O is returned as 23h, indicating that the LUN is not installed, but would be a Processor Device 
if it were installed. The remaining bytes are returned normally. 


If a length shorter than the required 36 bytes is specified by the INQUIRY command, the number 
of bytes specified by the command is transferred. If a length longer than 36 bytes is specified, the 
command will only transmit 36 bytes. 


8.2.3.4 SEND 


BIT 
— 


Send Operation Code (QAh) 


Reserved § (00) 













The SEND command has the format specified by the SCSI standard. 


The SEND command transfers data from the initiator to the target. The information 1s placed in the 
area specified by the appropriate CCB. If an appropriate CCB has not already been provided to the 
host adapter by the host software, an MBI entry requesting the appropriate CCB is sent to the host 
from the host adapter. In this case, the target host adapter disconnects from the SCSI until the CCB 
is made available to the host adapter through the MBO protocol. An appropriate CCB must have 
the same initiator address, target LUN, and direction as is required to complete the command. 


The transfer length in the SEND command specifies the length in bytes of data that 1s sent during 
the DATA OUT phase. A transfer length of zero indicates that no data is sent. Management of 
incorrect length transfers is described in Section 8.3.2.6. 


The CDB information is included in the returned CCB so that the receiving host programming can 


determine whether or not the information transmitted by the SEND command was application data 
or asynchronous event notification data. 
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8.2.3.5 RECEIVE 


BIT 
<i 







Receive Operation Code (08h) 


Reserved (00) 











The RECEIVE command has the format specified by the SCSI standard 


The RECEIVE command transfers data from the target to the initiator. The information is taken 
from the area specified by the appropnate CCB. If an appropriate CCB has not already been 
provided to the host adapter host software, an MBI entry requesting the appropriate CCB is sent to 
the host from the host adapter. In this case, the target host adapter disconnects from the SCSI until 
the CCB is made available to the host adapter through the MBO protocol. An appropriate CCB 
must have the same initiator address, target LUN, and direction as is required to complete the 
command. 


The transfer length in the RECEIVE command specifies the length in bytes of data that is sent 
during the DATA IN phase. A transfer length of zero indicates that no data is sent. Management of 
incorrect length transfers is described in section 8.3.2.6. 


8.2.4 Incorrect Length Management for Target Mode Operation 


The messages transmitted using the SEND and RECEIVE commands are normally expected to 
have a length that has previously been agreed to by the initiator system software and by the target 
system software. If the transfer length specified by the command is equal to the transfer length 
specified by the CCB, normal operation takes place and no errors are posted. 


If the transfer length specified by the initiator's command is shorter than the space defined by the 
target CCB, all data bytes expected and required by the initiator will be transmitted. The target 
AHA-1540A/1542A will indicate GOOD status on the SCSI at the end of the transfer. The target 
system's software however must be notified that the entire area of data defined by the CCB was 
not transmitted. A Target Status of GOOD will be presented in the returned CCB. At the same 
time, the Incorrect Length Indication bit (bit 5 of byte 2) will be set in the CCB Request Sense 
data area. Bytes 3 through 6 of the Request Sense data area will contain the residue in two's 
complement notation of the length requested in the initiator command minus the length of the data 
area defined by the CCB. In this case, the residue will be a negative number, since the requested 
length was less than the area specified by the CCB. The HA status stored in the CCB will be 12h, 
indicating a Data Over/Under Run. The MBI Status Byte will be set to 04 to indicate that the CCB 
was completed with an error. 
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If the transfer length specified by the initiator's command is longer than the space defined by the 
target CCB, only those bytes contained within the CCB's data transfer area will be transmitted. 
The target AHA-1540A/1542A must indicate with an error condition to the initiator that not all the 
requested bytes could be transferred. The target AHA-1540A/1542A presents a SCSI status of 
CHECK CONDITION at the end of the data transfer. The Request Sense information transmitted 
to the initiator as a result of an immediately following REQUEST SENSE command indicates that 
an Incorrect Length Indication is present by setting bit 5 of byte 2. Bytes 3 through 6 of the 
Request Sense information transmitted to the initiator will contain the residue in two's complement 
notation of the length requested in the initiatorcommand minus the length of the data area defined 
by the target CCB. In this case, the residue will be a positive number, since the requested length 
was greater than the available area. The target system's software must also be notified that the 
transfer length requested by the initiator exceeded the assigned buffer area. A Target Status of 
CHECK CONDITION will be presented in the returned target CCB. A Host Status of '12'h will 
be returned indicating a Data Over/Under Run. At the same time, the information that will later be 
posted to the initiator by the REQUEST SENSE command will be posted to the target system in the 
CCB Request Sense data area. This includes both the Incorrect Length Indicator and the Residue. 
The MBI Status Byte will be set to 04 to indicate that the CCB was completed with an error. 
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Section Nine Flexible Disk Controller Specification 


9.1 FLOPPY DISK INTERFACE 


The floppy disk controller allows the attachment of any standard IBM compatible floppy disk drive 
to the AHA-1542A. The floppy disk controller is accessed by the standard IBM compatible BIOS 
through the standard IBM compatible floppy diskette program interface. The floppy disk controller 
section of the host adapter 1s completely independent of the host adapter function. The floppy disk 
controller section can be disabled by removing jumper J13 as described in section 3.4.2. The base 
address and interrupt and DMA channels can be modified by jumpers as described in section 3.4. 


A floppy disk is attached to the host adapter using a 34 pin nbbon cable connector as specified in 
section 1.4. The pin out of the cable is described here, although that 1s usually not necessary, since 
all standard floppy disk drives have the same pin out. Some systems choose to use the same 
address for all floppy disk drives and to twist the cable, pins 10-16, to switch the address lines at 
the drive. 


Signal Name Pin Pin Signal Name 
Ground ] 2 -LD 
Ground 3 4 Reserved 
Ground 5 6 Reserved 
Ground 7 8 -INDEX 7 
Ground 9 10 MOTOR ENB DRIVE A 
Ground 11 ]2 DRIVE SELECT B 
Ground 13 14 DRIVE SELECT A 
Ground 15 16 MOTORO ENB DRIVE B 
Ground 17 18 -DIRECTION 
Ground 19 20 -STEP 
Ground 2) 22 -WRITE DATA 
Ground 23 24 -WRITE ENABLE 
Ground 25 26 -TRACK 0 
Ground 27 28 -WRITE PROTECT 
Ground 29 30 -READ DATA 
Ground 3] 32 -HEAD SELECT 
Ground 33 34 -DSKCHNG 
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Section Ten Problem Determination 


10.0 PROBLEM DETERMINATION 


10.1 SELF DIAGNOSTIC CAPABILITY 


The AHA-1540A/1542A executes self diagnostics upon power up or after a hard reset. These 
diagnostics test the CPU operation, perform a sum check on the EPROM, and check the data 
transfer paths on the board. The host system has the option of exercising more extensive 
diagnostics involving reads and writes to memory. 


The red light emitting diode (LED) on the host adapter indicates the result of the self diagnostic 
process. When power is first applied to the board, the LED turns on. If the board 1s operating 
normally, the light will soon go off and stay off until SCSI or I/O port activity is requested by the 
host. If the board is not operating correctly, a flash code number is flashed on the LED to indicate 
which test failed. The flash code number ts indicated by a series of 1 to 6 closely spaced flashes 
followed by a longer pause. The flash code is repeated continuously until the board is powered off, 
reset, or repaired. The SCSI interface should be disconnected if these diagnostic tests are being 
run for fault isolation purposes. At least one set of terminators must remain installed or the LED 
will stay on, indicating that the AHA-154XA is receiving an active RST signal. Continuous 
execution of the diagnostics can also be forced by inserting the diagnostic jumper (pin-pair 2 in 
jumper J1). The flash code and associated failure modes are indicated 1n the following table. 


TABLE OF FLASH CODES 


FLASH CODE POSSIBLE MEANINGS OF FLASH CODE 
LED Remains On Host Adapter Control Processor inoperative/terminators 
missing or not powered. 
1 Flash Firmware EPROM check sum failed. 
2 Flashes RAM test failed. 
3 Flashes AIC-6250 SCSI protocol chip verification failed 
4 Flashes FIFO read data path test failed. 
5 Flashes FIFO write data path test failed. 
6 Flashes Channel 2 test failed. 
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If any of these failure conditions is identified, the host computer should be powered down, the 
host adapter removed, and the host adapter inspected for physical damage. Such damage can 
include EPROM's that are not correctly installed or not firmly seated, broken wires, missing or 
damaged components, or conductive debris on the board. If no such physical damage is found, 
the AHA-154XA should be returned for repair. 


All boards are fully tested, burned in, cleaned, and inspected before they are shipped. Care should 
be taken to keep the board in its protective conductive wrapping until it is installed. With these 
simple precautions, mechanical damage can normally be avoided. 


10.2 INDICATORS 


The red light emitting diode (LED) on the AHA-154XA is used to provide the fault isolation 
information described above. In addition, the LED indicates when the host adapter is performing 
activities on the host interface and the SCSI interface. The LED is such a useful activity indicator 
that a connector is made available on the host adapter to allow the cable to an externally visible LED 
to be attached. (See Section 3.3.9). 


AS an activity indicator the LED is turned on from the time that an Adapter Command is transmitted 
to the host adapter until the HACC interrupt is generated to indicate that the Adapter Command is 
complete. In addition, the LED will be turned on whenever SCSI bus activity is occurring. This is 
roughly the same period of time that the SCSI BSY signal is present on the SCSI bus. If the light 
stays on when no activity is expected to be present on the bus, it is possible that the bus is hung, 
the processor has failed, that unexpected activity is occurring, or that the SCSI cables are 
incorrectly installed. If the SCSI cables are installed reversed, the host adapter is forced in to a 
solid SCSI reset state which halts normal operation. 


10.3 PROBLEMS DETECTED DURING OPERATION 


The information in section 1().3 is not intended for routine users of the AHA-1502A/1542A. It is 
intended to provide a reference for programmers preparing device drivers, error recovery 
procedures, and error information presentation programs. 


Operation of the I/O Port interface is controlled and monitored by host system software. Two bits 
in the Status Port (Base + 0), described in section 4.2.1, are provided to indicate unusual 
conditions in the host adapter. 


Internal Diagnostic Failure (Status Port, bit 6): This bit indicates that the self testing 
process after either a hard reset or a power on operation was terminated by an error condition. The 
error indicates that a critical failure was found in the AHA-154XA control circuitry or data paths. 
The error should be presented to the host video display to indicate that diagnostic actions are 
required. The diagnostic action uses the host adapter diagnostic flash codes to determine if the 
AHA-154XA 1s failing. The host system should be powered off, then opened so that the LED can 
be observed. All SCSI cables, both external and internal, should be removed from the host 
adapter. The system should then be powered on. If the LED flashes once and turns off, the host 
adapter has passed its diagnostics and should be accessible again. If the LED flashes one of the 
error flash codes, the AHA-154XA_ should be replaced. If the LED remains on and does not tum 
off, the host adapter is not able to begin operation at all. The host system may be holding the AHA- 
154XA in the reset state or the host adapter may have failed. To distinguish these two cases, the 
AHA-154XA should be replaced and the new host adapter operation should be verified. Be sure to 
power down the host system when removing or replacing the host adapter. If the diagnostics 
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indicate that the AHA-154XA must be replaced, it should be sent to an authorized service facility 
for repair. 


Invalid Host Adapter Command (Status Port, bit 0): This bit is set to indicate that a 
command or parameter transmitted to the host adapter was invalid. This is an indication that the 
host software, usually an operating system, special application program, or device driver, has 
generated an invalid request. The responsible programming organization should be notified so that 
the invalid sequence or parameter can be corrected. 


10.3.1 HA Status Error Indications and Corrective Actions 


The Host Adapter Status indications, in addition to indicating several normal completion states, 
indicate three general groups of errors. One set describes software errors in the requests made to 
the host adapter. Even though most of these errors are caused by software design problems, the 
AHA-154XA may need to be replaced as an isolation step, since there exists a small chance that 
hardware failures in the AHA-154XA cause the appearance of a software error. 


A second set describes errors detected by the host adapter firmware in the host adapter hardware. 
The most likely failing component in this case is the AHA-154XA, although certain system or 
cable failures may generate the appearance of a host adapter hardware error. 


A third set describes the appearance of unexpected or incorrect sequences executed by the attached 
SCSI devices. In this case, the cables are the most likely failure point, with the peripheral device 
second and the AHA-154XA third. The host adapter status code should be returned to the host 
video display to indicate to the operator what errors have occurred and under what conditions the 
errors occurred. The following section describes those Host Adapter Status indications that indicate 
an error. 


NUMBER TYPE ERROR DESCRIPTION AND CORRECTIVE ACTION 


11 SCSI NO Selection Time Out: The SCSI attempted to select a 
device that was not installed or that did not respond 
to selection due to a power, panty or addressing 
failure. Verify correct address values set to SCSI 
devices. Verify that SCSI cable routing includes the 
required devices. Verify SCSI cable integrity by 
replacement of cables. Verify that SCSI Selection 
Time Out value has been correctly established by 
Adapter Command. 


12 HOST NO Data Over Run / Under Run: Data length or direction 
specified by CCB did not agree with the data length 
actually provided by the attached peripheral device. 
Often a normal error or accompanied by a check 
condition indicating transfer truncation. Verify 
program requested correct length or direction. Verify 
peripheral provided expected data length, number of 
blocks, or block length. 
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NUMBER TYPE ERROR DESCRIPTION AND CORRECTIVE ACTION 


13 SCSI] YES Unexpected Bus Free: The target dropped BSY 
without executing the proper messages first. This 
normally indicates that the BSY and/or other portions 
of the SCSI bus failed or that the target encountered 
such an invalid sequence that no recovery was 
possible. Some targets may have sense information 
available to qualify the error condition. Verify SCSI 
cable integrity. Verify SCSI cables are all properly 
connected. Replace SCSI cables. Replace peripheral. 
Replace AHA-154XA. 


14 SCSI YES Target bus phase sequence failure: The initiator 
detected an invalid phase or an invalid phase 
sequence. If this occurs, it is likely that the host 
adapter forces a SCSI reset on the bus as the first 
phase of the recovery process. Verify SCSI cable 
integrity. Verify SCSI cables are all properly 
connected. Replace SCSI cables. Replace peripheral. 
Replace AHA-154XA 


15 HOST YES MBO Command Byte invalid: This indicates a 
software failure or bug in the host's development of 
the MBO entry. Generally, this indication will only 
occur during initial debug processes of new 
operating systems. Replace the AHA-154XA. 
Replace the host computer system. Contact the 
software developer for design support. 


16 HOST YES Invalid CCB Operation Code: This indicates a 
software failure or bug in the host's development of 
the CCB. Generally, this indication will only occur 
during initial debug processes of new operating 
systems. Replace the AHA-154XA. Replace the host 
computer system. Contact the software developer for 
design support. 


17 HOST YES Linked CCB does not have same LUN: This 
indicates that the host software generated an invalid 
combination of link commands. Generally, this 
indication will only occur during initial debug 
processes of new operating systems. Replace the 
AHA-154XA. Replace the host computer system. 
Contact the software developer for design support. 
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NUMBER ~~ TYPE ERROR DESCRIPTION AND CORRECTIVE ACTION 


18 HOST = YES Invalid Target Direction Parameters received from 
Host: This indicates that the host software generated 
an invalid Target Direction Parameter. Generally, 
this indication will only occur during initial debug 
processes of new operating systems. Replace the 
AHA-154XA. Replace the host computer system. 
Contact the software developer for design support. 


19 HOST = YES Duplicate CCB Received in Target Mode: This 
indicates that the host system was not keeping correct 
management information for target mode operation 
and incorrectly generated a second CCB identical to 
one already active. Generally, this indication will 
only occur during initial debug processes of new 
operating systems. Replace the AHA-154XA. 
Replace the host computer system. Contact the 
software developer for design support. 


1A HOST YES Invalid CCB Parameter or Segment List: A segment 
list was presented to the host adapter with a zero 
length segment or invalid segment boundaries. An 
invalid CCB parameter was presented to the host 
adapter. Generally, this indication will only occur 
during initial debug processes of new operating 
systems. Replace the AHA-154XA. Replace the host 
computer system. Contact the software developer for 
design support. 


10.3.2 SCSI Error Indications and Corrective Actions 


Error conditions detected by SCSI peripherals usually cause a CHECK CONDITION Status byte 
to be presented. When this is presented, the host adapter automatically retrieves the sense 
information from the SCSI peripheral by executing a REQUEST SENSE command according to 
the SCSI standard. The information returned is mapped for single-threaded BIOS operation into 
the categories of error conditions described in section 5.2.2. For multitasking (mailbox) operation, 
the information returned is made available in the area allocated for Sense Data. In either case, an 
intelligent attempt is made by most operating systems to retry the operation at least one time. Such 
retry operations may require the management of queued operations that have already started 
execution. This attempt to retry the operation is rarely successful, since SCSI peripheral devices 
have very extensive automatic retry and correction mechanisms designed to be executed before the 
error information 1s returned in the first place. 


Since it is rare that such an operation ts successful, the host software and operating systems should 
make every attempt to make available key information about the error which can be analyzed by the 
System operator or customer engineer. In small systems, it may be sufficient to present the 
important Sense Data together with the command that created the error. Some simpler systems may 
perform a preliminary analysis of the error information and generate a code or descriptive text that 
describes the error and indicates the corrective action. In very complex systems, a logging process 
may take place, allowing a customer engineer to analyze the data at some future time. In all 
systems, such information is very important for host program verification and for system integrity 
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verification, even if the designers choose not to make the information available to any system users 
other than the design and maintenance engineers. 


The SCSI Sense Data is generally self descriptive. The errors can be mapped in to four major 
categories, each category with its own diagnostic procedure. 


The first category includes those errors caused by incorrect command or parameter bytes or by 
incorrect sequences of commands. These errors typically are presented only during the early 
development stages of an operating system or device driver, since a properly operating program 
will not generate invalid commands. 


The second category includes those sense codes associated with peripheral status presentation. 
Such sense codes are not truly errors, in that they inform the host program of an unusual but not 
unexpected condition. Such sense codes include indications that a device is not ready, that the 
device has just become ready, that a device has reached the end of its media (End of Tape or Blank 
Check), or that the expected data length and actual data length differed. These sense codes are 
normally used by the device driver to execute the correct operation in response to the condition. 
Such sense codes are not normally presented to the system user except as text that requests some 
action. As one example, an End Of Tape condition may require the system user to replace the tape 
cartridge. 


The third category of errors points to a particular hardware failure in the peripheral device or its 
supporting electronics. Such error conditions usually require the adjustment, repair, or replacement 
of the peripheral device or some of its components. In some cases, the error condition may also 
indicate possible cable or host adapter failures. These.errors must be exposed to the system user so 
that the proper actions can be taken. 


The fourth category of errors points to a media failure in the peripheral device. Such errors include 
bits that cannot be recovered from magnetic media and imperfections in the surface of optical 
media. Most such errors are recovered using the extensive retry and correction algorithms 
programmed into the peripheral device. In some peripheral device technologies, the errors may be 
caused by noise conditions or by marginal electronic failures in the read or write path. Those rare 
errors that cannot be recovered usually indicate that some data important to the operating system or 
application has been lost. The system must make this error information available to the system user 
so that the system user can replace the media or recover the data from a back up copy as required. 
In addition, logging of errors that were successfully recovered by the peripheral device is often 
useful as an indicator of the overall reliability of the device or of the requirement for periodic 
maintenance. 
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10.4 PROBLEMS DETECTED DURING INSTALLATION 


This section may be useful to correct problems related to installation. The information in this 
section is included in the Host Adapter Installation Guide. 


If the system will not boot from the flexible diskette drive after initial hardware 
installation the following items should be checked: 


AHA-1540A/1542A internal diagnostics: The LED on the AHA-1540A/1542A should 
come on briefly at system power up. If the LED begins to blink at regular intervals then the 
host adapter has detected an internal failure and should be returned for repair or replacement 
to the place of purchase. A message may also be posted to the screen. 


If the AHA-1540A/1542A LED and the SCSI drive LED are always on, the SCSI cable's 
pin | orientation has probably been reversed between the host adapter and the drive. See 
section 3.2. 


Is the AHA-1540A/1542A BIOS message displayed on the screen? If not, the AHA- 
1540A/1542A BIOS is not being recognized by the system. 


a) Check for BIOS address conflicts between the AHA-1540A/1542A and 
other option boards. 

b) Try a different BIOS address. See section 3.3. 

Cc) Change the BIOS wait state jumper. See section 3.3. 


If the HOST ADAPTER NOT FOUND AT PORT 330H message is displayed check the 
AT port address jumper setting. Also verify that the SCSI cable is correctly installed. A 
forced SCSI reset caused by an inverted or displaced internal SCSI cable may cause the 
problem. See Section 3.3. 


Problems Booting the System from a SCST drive: 


Make sure that both standard hard disks are mapped out of the system by using the AT 
SETUP program. 


Make sure that the SCSI boot drive address is set to SCSI ID 0:0. Check the drive 
installation manual for information about setting the SCSI ID for that device. The Return 
Installed Devices utility in the Onboard Utilities can also be used to determine the SCSI 
addresses of peripherals on the SCSI bus. 


Make sure that SCSI parity 1s consistently enabled or disabled on all devices on the SCSI 
bus. 


Verify that the host adapter and the SCSI devices are properly configured and installed by 
referencing Section 3. 


Power should be cycled off and on after changing any values on a HA, Setup program, or 
SCSI device to be sure that a DOS format operation has been successfully completed. 


Make sure that the SCSI bus 1s properly terminated. 


Make sure that the intended boot disk has an active DOS partition and a DOS format. See 
section 3.0 and the DOS manual for more information. 
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Problems using a SCSI drive as drive D: with a standard hard disk as drive C: 


Make sure that the second hard disk is mapped out of the system with the AT SETUP | 
program. 


Make sure that the SCSI drive to be used as drive D: is set to SCSI ID 0:0. Check the drive 
manual for information on setting the SCSI ID for that device. The Return Installed Devices 
utility in the Onboard Utilities can also be used to determine the SCSI addresses of 
peripherals on the SCSI bus. 


Make sure that SCSI parity is consistently enabled or disabled on all devices on the SCSI 
bus. 


Verify that the host adapter and the SCSI devices are properly configured and installed by 
referencing Section 3. 


Power should be cycled off and on after changing any values on an HA, Setup program or 
SCSI device to be sure that the new initial values are loaded. 


Make sure that the SCSI bus is properly terminated. See Section 3. 


Make sure that the disk has a DOS partition and a DOS format. See section 5.0 and the 
system DOS manual for more information. 
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Problems using a SCSI drive as drive D: with another SCSI drive as drive C: 


Make sure that both standard hard disks are mapped out of the system with the AT SETUP 
program. 


Make sure that the SCSI drive to be used as drive D: is set to SCSI ID 0:1 or 1:0. Check 
the drive manual for information on setting the SCSI ID for that device. The Return 
Installed Devices utility in the Onboard Utilities can also be used to determine the SCSI 
addresses of peripherals on the SCSI bus. 


Power should be cycled off and on after changing any values on an HA, Setup program or 
SCSI device to be sure that the new initial values are loaded. 


Make sure that SCSI parity is consistently enabled or disabled on all devices on the SCSI 
bus. 


Verify that the host adapter and the SCSI devices are properly configured and installed by 
referencing section 3. 


Make sure that the SCSI bus is properly terminated. See section 3. 


Make sure that the disk has a DOS partition and a DOS format. See section 3.0 and the 
DOS manual for more information. 


System works erratically. Hangs or the host adapter can't always find the drives. 


Check SCSI parity for consistency. 
Check Termination. 
Check cable length and integrity. 


If host adapter and drive light remain on during a hang condition, make sure that the SCSI 
drive conforms to the Common Command Set revision 4B. (CCS 4B) 


If only the host adapter LED remains on during a hang, it is probably a host adapter, 
system interface problem. The system may not be capable of First Party DMA transfers. 
Check with the System manufacturer for information. 
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Adapter Command 


AEN 


AHA-1540 


AHA-1540A 


AHA-1542A 


AHA-IS4XA 
AHA-1540A/1542A 


Asynchronous Event Notification 


Asynchronous Data Transfer 


AT Bus 


Bus Device Reset 


Byte 


CCB 


CCS 
CDB 


AHA-1540A/1542A 


Glossary 


A command transmitted to the host adapter using the 
Command/Data Out Port and the Data In Port. The 
commands are sequenced using the Control Port, the 
Status Port, and the Interrupt Flag Port. Abbreviated as 
JOCP command. 


See Asynchronous Event Notification 


Adaptec Host Adapter for connecting SCSI devices to 
the PC/AT backplane bus. The AHA-154XA is an 
enhancement of the AHA-1540 (see Appendix C) 


The enhanced high performance Adaptec Host Adapter 
for connecting SCSI devices to the PC/AT backplane 
bus. 


The enhanced high performance Adaptec Host Adapter 
for connecting SCSI devices and standard IBM 
compatible floppy disk devices to the PC/AT backplane 
bus. 


Either the AHA-1540A or the AHA-1542A or both. 


Either the AHA-1540A or the AHA-1542A or both. 


A process by which a target can send unsolicited sense 
information to an initiator using the SEND command in 
order to inform the initiator about the occurrence of an 
Important unusual occurrence. 


Data transfer performed by the SCSI interface involving 
the interlocking of a signal to the initiator (REQ) and a 
signal to the target (ACK) such that each step of the data 
transfer protocol must occur before the next step can 
begin. Characterized by a low data rate and independence 
of external timing constraints, including cable length and 
circuit response times. 


The Industry Standard Architecture bus. 


A SCSI message that clears all activity in the target to 
which it 1s addressed. 


An 8 bit unit of data. An octet. A byte is normally the 
smallest addressable unit of a memory and the unit of 
transfer on the SCSI. 

See Command Control Block 


See Common Command Set 


See Command Descriptor Block 
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Command Control Block 


Command Descriptor Block 


Common Command Set 


Control Microprocessor 


Device Driver 


DMA 


Direct Memory Access 


EPROM 


FIFO 


Firmware 


IBM PC/AT Compatible 


AHA-1540A/1542A 





Glossary 


A software object prepared by the host microcomputer 
software for the host adapter to provide it all the control 
information it needs to execute a SCSI command. 
Abbreviated CCB. 


A block of information passed across the SCSI bus to 
provide the command, parameter, and address 
information necessary for the target to execute the 
desired functions. Prepared by the host software and 
placed in the CCB to be passed to the target by the host 
adapter. Abbreviated CDB. 


A defacto standard SCSI command set for 
communication with hard disk drives. The Common 
Command Set (CCS) is the basis for the SCSI-2 
command set for all types of peripheral devices. 


An integrated circuit computer used to execute the 
software that controls the host adapter's operation. 


A program that 1s linked with or attached to an operating 
system to map the software interface of the operating 
system to the requirements of attached peripheral devices 
and host adapters. 


See Direct Memory Access 


A mechanism that allows hardware control of the transfer 
of streams of data to or from the main memory of a 
computing system. The mechanism may require set up 
the host software. After initialization, it automatically 
sequences the required data transfer and provides the 
necessary address information. 


Erasable Programmable Read Only Memory. An 
integrated circuit used to store the host adapter firmware 
and the host adapter BIOS. 


First In / First Out. 


A queueing order in which items are removed from the 
queue for execution in the same order in which they are 
placed in the queue. 


An integrated circuit that buffers data in such a manner 
that the each byte placed in the buffer is removed from 
the buffer in the same order. | 


The software that controls and manages the host adapter. 
It is ‘firm’ as opposed to 'soft’ because it is designed in 
to the host adapter and cannot be modified by the user. 


Any computer system that emulates exactly the IBM 


PC/AT and that uses an ISA backplane bus. 
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ISA 


Industry Standard Architecture 


initiator 


host 


host adapter 


Logical Unit 

Logical Unit Number 
LU 

LUN 

Mailbox In 


AHA-1540A/1542A 


Glossary 


The Industry Standard Architecture 


The IBM PC/AT functions have been duplicated by a 
number of manufacturers. All the IBM PC/AT™ 
compatible machines use a backplane bus that very 
closely emulates the function of the backplane bus of the 
PC/AT™. Because of the broad usage of this bus 
structure, it has become known as the Industry Standard 
Architecture bus, even though there is no presently 
accepted standard for the bus. 


A SCSI device that requests an operation to be 
performed by another SCSI device (the target). The 
initiator provides all the command information and 
parameters required to perform the operation, but the 
details of the operation are actually sequenced by the 
target. 


A microcomputer in which a host adapter is installed. 
The host uses software to request the services of the host 
adapter in transferring information to and from peripheral 
devices attached to the SCSI bus connector of the host 
adapter. 


A hardware printed circuit board that installs in a 
standard microcomputer backplane and provides a SCSI 
bus connection so that SCSI devices can be connected to 
the microcomputer. A host adapter 1s "intelligent" if it 
has a simple high-level software interface to the 
microcomputer. A host adapter is "dumb" if the 
microcomputer must directly manage the SCSI protocol 
using the microcomputer processor. 


A physical or virtual device addressed through a target. 
An encoded three-bit identifier for a logical unit. 

See Logical Unit 

See Logical Unit Number 


An area in main memory assigned by the host 
microcomputer software for communication with the 
host adapter. The host adapter places status and pointer 
information in entries 1n the Mailbox In (MBI) to indicate 
to the host microcomputer what operations have been 
completed or what information must be obtained from 
the host microcomputer. 
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Section Eleven 


Mailbox Out 


MBI 
MBO 


Multi-tasking Operation 


PC/AT 


RAM 


SCSI 
SCSI ASC 


SCSI Device 


Single Threaded Operation 


Synchronous Data Transfer 
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Glossary 


An area in main memory assigned by the host 
microcomputer software for communication with the 
host adapter. The microcomputer software places 
commands and pointer information in entries in the 
Mailbox Out (MBO) to indicate what operations should 
be started by the host adapter. 


See Mailbox In. 
See Mailbox Out. 


The execution of commands in such a way that more 
than one command is in progress at the same time, 
allowing the system to take advantage of overlapping 
activities by using resources that are temporarily not 
required for other operations. More than one program or 
more than one portion of a program may be operating in 
parallel. 


A family of small computers sold by IBM, also called the 
Personal Computer /AT family of computers. The name 
is trademarked by IBM. 


Random Access Memory. Memory of which any byte 
can be accessed directly in a single memory cycle. 
Information can be read from and written to the memory. 


Small Computer System Interface. 


SCSI Additional Sense Code. Byte 12 of the extended 
sense information. Provides a standardized description 
of the condition described by the sense information. 


A device attached to a Small Computer System Interface 
bus cable. The device may be an initiator, a target, or 
capable of both types of operation. The device may be a 
peripheral device, a host device, or a device mixing both 
roles. 


Operation of the computing system such that only one 
program can be operating or active at a time. The 
computing system must wait until all resources are 
available before starting an operation and cannot start 
another operation until the first one 1s completed. No 
overlapping of latencies or program operation occurs. 


A method of data transfer on the SCSI bus involving 
clocking data on to the bus with a fixed-length fixed- 
frequency strobe pulses. The acknowledgements may be 
delayed several clock penods from the data requests. 
Synchronous Data Transfer can be used only for data 
transmission on the SCSI bus. It is prohibited for 
command, message, and status transmission. 
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Synchronous Data Transfer 
Negotiation 


Target 


Word 
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Glossary 


The message exchange between the initiator and the 
target that allows the negotiation of the data transfer 
frequency and delay between requests and 
acknowledgements required for synchronous data 
transfer. Once negotiated, synchronous data transfer 
parameters remain unchanged unm certain reinitialization 
activities OCCur. 


A SCSI device that performs an operation requested by 
an initiator. The target may be a peripheral device 
performing a service for an initiator. The target may also 
be a host adapter performing a Processor type device 
service for an initiator. 


A two byte (16 bit) unit of data. 
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ADDRESS 


SBHE" 


DATA 


MEMIR* 


MEMW* 


STANDARD 
SPEEDS 


5.0 MB 
5.7 MB 
6.7 MB 
8.0 MB 
10.0 MB 


SPEED 


CARS 
tARH 
(BRS 


tpRS 
tpRH 
tAWS 


{AWH 
tBws 
(pws 
(DWH 


tRR 
tWww 


250 
200 
200 
150 
100 


TIMING A_ TIMING B 


73 
55 
73 


a2 
26 
73 


55 
73 
13 
60 
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AHA-1540A/1542A MEMORY CYCLE TIMING 


READ 


WRITE 


CKD 
ee | 


=" 
laws Taw 


TIMING 


W>rrr>> 


23 
55 
23 


32 
26 
23 


=P 
25 
13 
60) 


CARS 
(ARH 
(BRS 
(DRS 
'DRH 
tRw 


tAWS 
{AWH 
(BWS 
tpws 
t(pWH 
tww 


lw 


Address Setup to MEMR Leading Edge 
Address Hold from MEMR Trailing Edge 
SBHE Setup to MEMR Leading Edge 
Data Setup to Trailing Edge of MEMR 
Data Hold from MEMR Trailing Edge 
Read Pulsewidth 


Address Setup to MEMW Leading Edge 
Address Hold from MEMW Trailing Edge 
SBHE Setup to MEMW Leading Edge 
Data Setup to MEMW Leading Edge 

Data Hold from MEMW Trailing Edge 
Whnite Pulsewidth 


Note: I/O Channel Ready may Slow the actual 
transfer rate 
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Appendix B CONNECTOR PINOUT 


Internal Connector Pin Assignments 


Signal Name Pin Pin Signal Name 
Ground l 2 -DB(0) 
Ground 3 4 -DB(1) 
Ground 5 6 -DB(2) 
Ground 7 8 -DB(3) 
Ground 9 10 -DB(4) 
Ground 11 12 -DB(5) 
Ground 13 14 -DB(6) 
Ground 15 16 -DB(7) 
Ground 17 18 -DB(P) 
Ground 19 20 Ground 
Ground 2) 22 Ground 
Ground 23 24 Ground 

Open 25 26 Term Power (Fused) 
Ground 27 28 Ground 
Ground 29 30 Ground 
Ground 31 32 -ATN 
Ground 33 34 Ground 
Ground 35 36 -BSY 
Ground 37 38 -ACK 
Ground 39 40 -RST 
Ground 4] 42 -MSG 
Ground 43 44 -SEL 
Ground 45 46 -C/D 
Ground 47 4g -REQ 
Ground 49 50 -1/O 
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External Connector Pin Assignments 
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Signal Name Pin Pin Signal Name 
Ground 1] 26 -DB(0) 
Ground 2 27 -DB(1) 
Ground 3 28 -DB(2) 
Ground 4 29 -DB(3) 
Ground 5 30 -DB(4) 
Ground 6 3] -DB(5) 
Ground 7 32 -DB(6) 
Ground 8 33 -DB(7) 
Ground 9 34 -DB(P) 
Ground 10 35 Ground 
Ground 1] 36 Ground 
Ground 12 37 Ground 

Open 13 38 Term Power (Fused) 
Ground 14 39 Ground 
Ground 15 40 Ground 
Ground 16 4] -ATN 
Ground 17 42 Ground 
Ground 18 43 -BSY 
Ground 19 44 -ACK 
Ground 20) 45 -RST 
Ground 21 46 -MSG 
Ground 22 47 -SEL 
Ground 23 48 -C/D 
Ground 24 49 -REQ 
Ground 25 50 -l/O 
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AHA-1540/1640 FAMILY COMPATIBILITY INFORMATION 


Brief summary of board characteristics: 


AHA-1540: 


High performance SCSI to ISA Bus Master host adapter. Most revisions support 
synchronous data transfer. Separate user's manual. Subset of AHA-154XA 
Adapter Commands available. 


W AHA-1542A: 


AHA-1542A: 


AHA-1540A: 


AHA-1640: 


High performance SCSI to ISA Bus Master host adapter. Supports synchronous 
data transfer. Supports floppy disk drives. Higher level of host adapter integration. 


High performance SCSI to ISA Bus Master host adapter. Supports synchronous 
data transfer. Supports floppy disk drives. Higher level of host adapter integration. 
Improved SCSI connection pattern and jumper controls. Supports Target Mode 
operation. 


High performance SCSI to ISA Bus Master host adapter. Supports synchronous 
data transfer. Does not support floppy disk drives. Higher level of host adapter 
integration. Improved SCSI connection pattern and jumper controls. Supports 
Target Mode operation. 


Very high-performance SCS]-to-Micro Channel Bus Master host adapter. Supports 
synchronous data transfer. Does not support floppy disk drives. High level of host 
adapter integration. Supports Target Mode Operation. See Adaptec's AHA-1640 
User's Manual for details, including POS management, differences in interrupt 
presentation, differences in reset management and improvements in Adapter 
commands. 
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Appendix C 


COMPATIBILITY CHART 
1540A 1640 


Function 1540 W1542A 1542A 

Floppy Disk Controller No Yes Yes No No 
Synchronous Transfer No Yes Yes Yes Yes 
Selectable DMA Speeds No Yes Yes Yes POS 
Programmable DMA Speeds Yes Yes Yes Yes Yes 
Internal SCSI Connectors Straight Rt Angle Rt Angle Rt Angle Straight 
Scatter Gather No Yes Yes Yes Yes 
64 Head BIOS Option Yes Yes Yes Yes 
16 Head BIOS Yes No No No No 
LED Connector No Yes Yes Yes Yes 
Target Mode No No Yes Yes Yes 
LA 17-19 Jumper Yes Yes No No NA 
Micro Channel No No No No Yes 
PC/AT Yes Yes Yes Yes No 
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